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Tom Gus Gavrel, David Wayne Otto and Ira B. Vinson hereby declare as follows: 

1 . Tom Gus Gavrel, Ira B. Vinson and David Wayne Otto (jointly "we") are the co-inventors of 
the above referenced patent application relating to a plate and frame reactor design. The above 
referenced patent application claims priority from a provisional patent application filed November 
11, 2002. We conceived and reduced to practice in the United States the subject matter of Claims 
1-19 of our above referenced application prior to October 10, 2002. 

2. Under a duty of confidentiality, Gus Gavrel disclosed certain information regarding our 
plate and frame reactor design to Mr. Bill Gilmore on April 20, 2002, at the Texas Water 2002 
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Trade Show in San Antonio, Texas. Ira Vinson witnessed the disclosure in person, and David Otto 
witnessed portions of the disclosure audibly by telephone. At the time, Mr. Gilmore was the owner 
of a provisional patent application having U.S. Patent Application No. 60/329289 filed October 12, 
2001, that did not teach a plate and frame reactor design. Mr. Gilmore subsequently filed a non- 
provisional application on October 10, 2002, which claimed priority to the provisional application 
filed October 12, 2001, and included new information regarding a plate and frame reactor design 
that was very similar to the information that we disclosed to him at the Trade Show. 

3. Exhibit #1 of this Declaration is a copy of the Gilmore provisional application. Exhibit #2 
of this Declaration is a copy of the Gilmore nonpro visional application. 

4. Our conception of the above-referenced apparatus, coupled with reduction to practice in the 
United States are evidenced by the attached Exhibits #3-7, each of which are dated earlier than 
October 10, 2002. 

5. The attached Exhibits include: (i) a copy of a fax sent September 20, 2002, by one of the 
inventors to his attorney containing drawings of the invention, including a drawing of a plate and 
frame apparatus on page 002 of the fax, as Exhibit #3; (ii) an email sent by one of the inventors to 
his attorney on September 20, 2002, describing a process and apparatus for the electrocoagulative 
treatment of aqueous and viscous fluids utilizing a plate and frame apparatus, as Exhibit #4; (iii) an 
email sent by one of the inventors to his attorney on October 1, 2002, describing a preferred 
embodiment of the plate and frame electrocoagulation apparatus, as Exhibit #5; (iv) an email sent 
by one of the inventors to his attorney on October 4, 2002, describing a plate and frame 
electrocoagulation apparatus, as Exhibit #6; and (v) an email sent to one of the inventors by his 
attorney containing a draft of a patent application for a plate and frame apparatus for 
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dectrocoagulative treatment of aqueous and viscous fluids, as Exhibit #7. We understand that 
attorney-client privilege may apply to these documents. We hereby waive such privilege for these 
specific documents* but no others, for the purpose of establishing the fects set out in this 
Declaration. 

6. In summary, we conceived the subject matter of Claims 1-19 of the above-referenced patent 
application in the United States and reduced to practice in the United States the subject matter of 
each of Claims 1-19 prior to October 10, 2002. 

7. We father declare that all statements made herein of our own knowledge and all statements 
made on information and belief are believed to be true; and further that these statements are made 
with the knowledge that willful and fidse statements and the like so made are punishable by fine or 
imprisonment or both under § 1001 of Title 18 of United States Code and that auch willful and false 
statements may jeopardize the validity of the above-referenced application and any patent issuing 
therefrom. 




Ira B, Vinson Date 



David Wayne Otto Date 
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EJechwaguUtion Reaction Chamber and Method 

lECHNrCAL vnr rn 
Hie invention ^orally retecs elements used fa electric ad wave energy 
chemisoy. Mote specifically, the invention mimes to eleoroJy* echoed of 

electrodes with an electrode supporting mean* costing of a dielectric gasket or spacer 
In a furdtcr aspect, the invention t0 „ eiecrrolvrie ^paratus and method that 
employ parallel pla* decide* to form pmral separate treatment chambers or vonts wi* 
* feeding or ^dufcawing means providing a flour of liquid to be tr<^ to the «Us. 

PACKGRonrja apt 

Thepraeticc of electrolysb upon aqueous solution res^in producdon of water and 
on agglomerate, ^^uercan belted ^ the to pzc^ a clean water This 
process and Us chemistry are well known, and many types of apparatus are used in *c 
pracuoeof ft. 

A primary problem in using an clcccrolydc process to produce clean water is a 
generally high cost of treatment. The direct cost of eleceridty is a .fenificaM part of ^ 
overall cost. The amount of elecricicv used in electrolytic processing b variable according 
ro many fac«>rs in the cfcagn 0 f an electrolytic reaction chamber. Design Ceames that 
reduce clccoacal consumptioa aic beneficial. 

The cost of maintain** elecnode, i, another part of overall cose Electrode* an, 
consumed by the electrolytie ration, but consumption is basic to the chemistry of 
the r«c(xon and is -pec** to occur ^ . predetermined *no **. is a function of 
jetton conditions. However, ekorodes also can be fouled or short^i^ fcy ^ 
of rcacuon produces. A fouled electrode becomes prematurely rnefBciwu and can add to 
the^ofeleeoaeiryeoimuned, Abo. it wOl wear unevenly and wiD^ premature 
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I replacement or removal for clewing. ehher of which adds to maintenance cost and down- 

; time for die reaction chamber. A reaction chamber that keeps its electrodes clean during 

| electrolytic processing is beneficial. 

A reaction chamber is designed 10 accommodate niany aspects of the electrolyric 
process. Primarily, me chamber must be effective and efficient in its performance. Thus, 
soch aspects as clccttode composition, spacing, and surface area are considered. 
Sustainable spacing between electrodes is important, so mat adjacent decides do not 
contact each other and thereby produce a short circuit. The flow path through the 
electrodes is a significant factor as (he length of the path inflncaccs the speed wiih which 
the reaction most be performed and. thus, influences the electrical retirements of ^ 
chamber. E*se of replacing electrodes is significant, both in terms of maintenance cos t znd 
the down-time of a reacdon chamber. These are only a few of the considerations mat 
influence design of reaction chamber, which is a complex piocess. 

One desirable configuration for a reacdon chambers is known as die "filter press" 
design. Electrode pktes arc interleaved with dielectric spacers and gaskets to fonn an 
electrode sack. The stack is canned at its oanasi te ends by end plates, which am clamped 
together by suitable bolts or the lit.. The bolts am tightened to damp the end plate*, in 
t«m squeezing mgemer the elements fo the stack of electrodes, gaskets and spacers. The 
filter press design is desirable because the stack of electrode plates is a nrdr that is easy to 
handle. Further, the spacing between plates is well controlled The end plates can be 
configured for connection to inlet and outlet conduits for feeding and removing a process 
liquid, and me electrode plates can be suiaWy apermmd or otherwise configured to define 
nflovv^betwccnmedecn^inthc^ A filter m$sfrj& m&tefr*& 
of electrode plates having a square or rectangular shape* WD 
25 therefore, relatively low in cost 

Onircd States Paiem No. 1,541,9*7 to Harunan et al (1922) show an early attempt 
at constructiug such a Qlxer pics* styte reaction chamber. The electiodes arc rectangular 
\ plates. Alterouc plzues are apenurai near opposite narrower ends of the uxwiglCL 

i Notably, two apertuues arc used at the perforated end of each wcungk- These apertures 

j 30 arc txansversdy oblong, soch that a considerable penxaitagc of die perforated end is open 
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j for liquid flow from one processing chamber or zone to the nexL Thus, the stack the 

| electrodes defines a, sinuous, longitudinal flow path from edge-to-edge of the rectangle. 

I with Che direction of flow reversing in each successive zone as die process liquid flows 
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through the series of processing zczses, 
5 Later advances in chamber design reveal that cdgc-UH&dge sinuous flow across a 

rectangle is not uniform. Fhud in certain areas between the elee erodes win he stagnant, 
Allowing precipitates to foul nearby surfaces of the electrodes. United States Patent No. 
4,124,480 to Stevenson discloses this ptoWem in a fifcer-press design thai employs edge-w- 
edge flow over rectangular tfaxns in a slack. The electrode phics are slotted across the 
\ 10 fell width of alternating narrow ends to encourage the process liquid to flow over lhc foil 
\ width of each electrode plate However, even passing through a full width dot, the liquid 

i stagnaics along the edge* of the plates, pcrtiaps because of resistance induced by contact 

; with the gasket or spacer located at such edges. Thus, it appears likely that longitudinal 

\ flow over a rectangular plate bounded by a side wall will be turn-uniform and win result 

i- 

| . 15 in fouling of certain arcaj; of the plates. 

The Stevenson patent also proposes a filter-press design using an alternate flow 

i pattern with square electrode plates forming square treatment chambers. A first group of 

i electrode plates ate aperuired at their center. A second group of elecnode plates ate 

[ relatively smaller in skce than the first, such thai they leave an almost continuous peripheral 

■f 20 gap between each of the second group plan* and the stadc gaskets. In (he second group, 

l cotters of the periphery are engaged between die gasket* and secure the second 

• plates in die stack The plates of the two groups arc arranged in the stack in alternating 
\ sequence The resulting flow path is from, die center of a plate in the Grsi group to 4e 
I periphery of a plate in *e second group, and vice versa, 

• 25 However, it can beneadfly seeuthatsuch center-to-pesiphcry and periphery- to-center 
| flow win be non-uniform when square neatmcat chambers are used. In a stack of square 
) plates, the shortest flow path, and likely the one whfc least resistance, is between die center 
! hole of ooe plate and die midpoint alons any of die foot- edges of a juxtaposed plate, 

1 Foutfog is likely along the rclaavely longer flow paths war the comers of all plates in the 

y 
?. 
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Stack; with resulting uneven wear, poorly predictable process control, higher ckcuiciiy 
usage, shwi circuits, and premature plate replacement or icaintcnance. 

U is evident that circular plates would he no more successful producing equal 
length radial How paths. Fabricating aad assembling a stack of circular plate, is Fileely to 
5 be more expensive and win not solve the problcnw of prenwaiie fouling. Like square 
pi***, circular plates must be configured wim portions thai engage the stack gaskets: and 
they must provide apertures or peripheral gaps that establish a sinuous flow path between 
plates, a circular shape is link better than a square one in meeting these two 
requirements. Uneven 1"W paths orsca^naat areas are inevitable results. Circular plates 
10 are likely to behave similarly to square plows in suffering prematurely fouled areas. 

It would be desirable to overcome the existing fouling problems in reaction 
chambers of the filter-press design. In particular, it would be desirable to have a chamber 
design producing predictable wear patterns in which fouling fc not a substantial issue. Such 
a design would enable die reaction chamber to be operated with sustained process 
efficiency over a predictable interval Such a predictable interval can be determined by 
\ calcxdaiiug the consumption of the electrodes according to the reaction parameters imposed 

j upon the chamber, rather than by the unpredictable time between loss oC efficiency due to 

j fouling. Maintenance or replacement operations can be performed at scheduled intervals. 

\ allowing a high degree of confidence that the electrocoagulation process will remain 

j 20 effective and efficient between such service. 

I To ******* *e foregoing and other objects and in accordance with the purpose of 

I ^ re9eat tovention. as embodied and broadly described herein, the clecuocoagulaiion 

j chamber and method of this invention may comprise the following. 

\ 

* • 

| 25 DISCLOSURE O F INVENTION 

Tie objects, advantages and novel features of the invention shall be set forth jn 
part in the description that follows, and in part will become apparent to those staled in the 
an upon examination of the following or may be learned by die practice of the invention. 
The object and [he advantages of the invention may be realized and attained by means of 
the instrumentalities and in combinations particularly pointed out in the appended claims. 
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; ' The accompanying drawings, which arc incorpomced in and form a part of the 

] specification illustrate preferred embodiments of the present invention, and together with 

i che description, serve to explain rhc principles of the invention. In the drawings: 

\ 

! 

! 

I 5 ftynre nre riamON OF THE DRAWINGS 

1 Figure 1 is a schematic diagram of the overall ckctrocoagu laiioa pnxess. 

Figure 2 is cop plan view of a single electrode place; showing the comer apertures 
in solid border, and showing an alternative central aperture in dashes, 
f Figore 3 is a top plan view of a single gasket or spacer 

>* 10 Figure 4 is a Aide devaiional view of an entice reaction chamber. 

: Figure 5 is a side elrvationai view of lop and bottom pressure plates of a jrcacnon 

chamber, showing compression onenbecs joining rhc pressure plzuss. 

Figure 6 is a simplified exploded view of a portion of a reaction chamber, shewing 
the ahcrnatiEg placement of electrode plates* 
15 Figure 7 i* a. schematic view of the liquid flow path through a reaction chamber. 

Figure 8 is a .schematic view of the liquid (low path through a single txeacmem 
1 chamber of zone within a reaction chamber, showing the four comer apertures in one or 

| the bordering electrode plares in dashed outline and .showing the central aperture of a 

£ second bordering electrode pUte So solid outline 

j . 20 

| BEST MOPE FOR CARRYING OPT THE INVENTION 

The invention provide* a noa-fiooHng. self-cleaning, sinuous flow, electrolytic 

I reaction chamber. A reaction chamber having a filter press Structure is suitable for 

I' 

j establishing and maintaining a stack of electrode places thai define a plurality of sequential 

1 25 treatment chambers or processing zones. The filter press styk of reaction chamber is suited 

i use in a system for treating water or other process fluids by elt^KK^c^Iation. The non- 
fouling characteristic of *c reaction chamber is achieved by ensuing streamlined flow 

1 P&h* confining the process liquid to a bighjy predictabic or known flow path through each 

) Thus, in a streamlined How path, the available surface area of The electrodes 1* 
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Unaited to the shape of a psxxiktibte or kno*/i\ flow paik characterized by * lads, of stagnant 



| surface ar*as of the decirode can be conformed uo dus predictable or known 

flow path by several methods. Km and preferred, the electrode plate is supplied in a. size 
\ 5 exceeding The size of Ac known or predictable Dow path, and those portions exceeding die 
{ flow P»b arc blocked. For example, the electrode plate may be generally square, which 

j is not a desirable shape £br a flow path and. therefore, contains surplus area. 

( Th* portions of the place nor a part of the predictable or known flow path are 

j blocked from contact with the process liquid. Such blocking may bo accomplished by 

| 10 supplying a gasket cat into a configuration mat lies over the portion of the plate 10 he 
i blocked. If a spacer is used in combination with a gasket between juxtaposed plates, the 

i spacer may be cut in the same shape as the gasket so that ii will support the gasket against 

r the p]aie. When a sock of decirode plates, gaskets and spacers are compressed in a filler 

j press style reaction chamber. The gaskets are snugly compressed against the plates, forming 

? 15 a liquid tigh! seal. The remaining, unblocked surface areas of the electrodes arc in conuici 
with the process, fluid. Because the unblocked areas bound a known or predicted flow path. 
'j unblocked areas arc self-cleaned by the liquid flow. A second method of conforming 

! ihe surocE area of the electrode to the predictable or known flow paih is by providing the 

decirode plates in the size and configuration of the flow path. For example, a flow path 
over a plate wiih apertures located in certain predetermined areas will define a 
predetermined shape. The electrode' plates in a reaction chamber employing such a flow 
I . path can he cut in a matching size and predetermined shape, with supporting tabs or an 
I additional edge ponion at the periphery, as required ro be engaged by gaskets. The gaskets 

I and spacers are shaped to engage only the addidonal edge portions or supporting tabs or 

j 25 the specially shaped plates. 

i Empirical testing can downline the shape of flow paths in a reaction chamber. 

\ Initially, a reaction chamber employing electrode plates of a standard shape, such as a 

j, square, can be operated far a sufficient time to determine where fouling occurs. Such 

•esdog should be conducted with plates configured no define apertures in preselected 
locations and of size and spacing suited for process conditions. The flow paths appear on 
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the plates as clean areas, while areas prone id stagnation or law flow rate* will be coaxed 
with deposits* The results of empirical tasting establish the known or predictable flow 
paths for the reaction chamber. Thereafter, ihe gaskets and spacers can be shaped to block 
the plate areas not lying Jong the empirically determined flow paiit 
5 The invention provides a reaction chamber employing a flow paih having a pattern 

causing the process fluid to clean the exposed electrode surfaces. The reaction chamber 
is of filter pnw* construction, in which electrodes are arranged in & stack. As assembled 
in the stack, each electrode has a nadve geometric shape or outer edge contour that can be 
chosen for any desired characteristic, such as a physical shape suited to form a leak-proof 
| 10 stack a shape thai is convenient to fehrieate and handle, or a shape that otherwise meets 
a requirement of a particular sanation. Plates of regular symmetrical geometric shape 
relative to a center point tend to be good choices for sealing in a filter press chamber, easy 
handling, economy of manufacture and shipping, efficiency in utilization, and for forming 
predictable regular flow paths. By way of example such shapes indnde an equilateral 
15 triangle square, circle, or other regular geometric shape. Elongated variations of these 
Shapes* such as an ellipse, oval, rectangle, or an irregular shape one less desirable but are 
useable because the flow path ultimately will be determined by other factors, such as the 
relative positioning of apertures in Juxtaposed p late 

A gasket separates each electrode from a juxtaposed electrode in the stack Each 
20 gasket can be shaped at its outer edge to maich the outer conww of the electrode plate. 
Optionally, each pair of juxtaposed electrodes are reparoled by two or more gaskecs. and 
a spacer of predetermined thickness is interposed between two of the gaskets. The gaskets 
and .spacers me planar and an? of similar or substantially the same shape, such as if cut 
&orn sheet stock by ihe same cutting die. The gaskets lie generally crver die peripheral 
25 margin of each electrode plate and have an open center area, which defines the uncovered 
central areas of each juxtaposed pair of electrodes. The uncovered area of the electrodes 
is the active axca that contacts process liquid and participates in an electrolytic reaction 
with the process liquid. The uircovered area between each pair of electrode* constitutes 
a separate treatment chamber or zone. 
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j A means for establishing an electrical connection to each electrode plate allows each 

\ place co cany a polar charge. For example* a conductive Ing may excend from one or more 
edges of each square place ta beyond the outer edge of the gasket, providing a connection 

• point for an electrical source. Adjacent plaies may be oppositely charged by a D.C. 

! 5 electrical somee. *ith the result that each treatment chamber or tone is defined by one 

j positively charged plate and one negatively charged plmc, 

| The electrodes define apertures allowing process liquid to pass from one rone to the 

f next in the stack oT electrodes. Each end of the electrode stack is capped by an end plate 

\ or pressure plaie The opposite pressure plates are joined together by elongated holts, 

I 10 threaded rods, or other means for drawing the pressure plates toward each other. The 

i pressure plates compress the electrode stack, primarily by compressing the gaskets to form 

v 

j * leak proof seal against the plates and spacers* The stack of electrode plaice gaskets, 

i spacers and joined pressure plates together defines a reaction chamber- The pressure plate* 

■i 

\ provide inlet and outlet fittings Cor transmitting process liquid through the reaction 

\ IS chamber. The apertures in the plates provide a flow passage for die process fluid to follow 

] through the reaction chamber. 

j The apertures through the clcciiode pfcies establish a flow path passing sequentially 

| through each of the treatment chambers or zones established between juxtaposed plates in 

j the electrode stack. The flow painsn between sequential aperrarcs is determined by the 

i 20 aperture positions and the configuration of die active or exposed electrode surfaces. 

I The plates in the Stack, consist of at least two groups, in which each group is 

jj configured with a different aperture pattern from ihe other group. The plates of (he fir$L 

{ group, or group one, euch define a central and preferably circular aperture, located near the 
geometric center of the electrode place. The plates of the second group, or group two. each 

j 25 define a plurality of peripheral apertures, preferably circular in shape. 

( In a plate shaped with comers or distal points, such as a square or triangular plate, 
an efficient usage of electrode plate area suggests locating one of these peripheral apertures 
near each of the comers or points of the elecuode plate. Thus* hi a square electrode plate, 

tour peripheral apertures are used with one in or nwr each comer of ihe square. 

i 

& ■ 
r. 

1 • 
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In a circular plate or other plale without cotters or points, the peripheral apertures 
| arc located near the peripheral edge of the plate. Preferably the peripheral apertures arc 



j equidistant from each other and from the conifer of the place. 

! Hates of the two groups arc arranged in alternating sequence rn the electrode stacJc 
5 Each treatment chamber or zone is bounded by one plate having a central aperture and one 

■ plate having a plurality of peripheral apertures. The flow path from zone to zone passes 
sequentially through the alternating hole patterns. Thus, in one of the zones (he direction 

* of liquid flow is from die center aperture of a plate from group one. spreading outwardly 

* lo the multiple peripheral apertures of a ne*t sequential plate in the staclc which is from. 

? 10 group two. 

t 

? As the fluid enters the next zone, the direction of flow reverses. The flow pattern 

) converges inwardly toward the center of the next sequential plate in the stack, which is 

; from group one. This flow pattern of diverging and converging shape is repeated through 

\ the stack of electrode plates. The flow pattern causes turbulent flow of the process liquid, 
15 which encourages $eif-cl«ming of the electrodes. The tsvcr&al of directions contribute to 

j turbulent flow, which assists in cleaning the eleeirode plates and improves reaction, speed 

j and efficiency. 

I The almost every situation, the area of the aperture ia a group one plate is expected 

I to be unequal to the $u*n of the areas of the plural apertures in a group two plate 

| 20 Consequently, the? process liquid will undergo changes hi velocity as it raoves from one 

( treatment chamber to the ncxL These velocity changes further contribute to turbulent flow. 

■> The configuration of 4c inner edges of the spacers and gaskets is designed to block 

* stagnant areas or arras of relatively low flow rare such that the flow rate cannot sustain 
.{ a dean condition ol the electrode surfa ce s . Empirical testing shows that the inner edge of 
] 25 the gasket should have an uudulascd shape, consisting of trough pontons and crest portions. 
■{ The inner edge of the gasket defines a recess or concave trough ax each of the peripheral 

V 

apertures of a group two plate. The trough or recess is centered along the outside edge of 

I one of the peripheral apertures. Thus, die number and positions of the troughs is equal to 

| the number and positions of Ac peripheral apertures. 

A 

1 ' 

\ 
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Thc contour of each (rough portion Backs the outermost edge of a peripheral 
apatiiie up io about one-half the drcumfcrcnce of the aperture The remaining half of m 
aperture's circumference is the inner most edge. This edge is open toward the center of 
the treatment chamber to allow process liquid to flow from the peripheral aperture of a 
5 group wo plate toward tbc center aperture of a group one plate 

Neighboring trough portions of the undulated gasket edge arc joined by a crest 
porooja. Between troughs, the inner edge of the gasket de/ines * convex edge or crcn 
centered on the central aperture of a group one plat*. The apex of die convex edge 
typically will be spaced fiom the edge of the center aperture. A suitable spacing can be 
10 determined try the process of empirical testing. Often the crest will he separated from ihts 
central aperture by two or more diameters of die central aperture. 

With reference to Hg. 1 of die drawing a system 10 for treating a process liquid 
by electtxscoagulaiion can employ a filler press style reaction chamber 12 using streamlined 
How paths. On the upstrcajn side of the chamber, the system can include a sujrgc tank 14; 
a means for supplying chemical enhancement* additives 16; and an ozone generator or 
oxygen source 15, On the downstream side of che chamber 12, the system con provide a 
development tank 19. In addition, tbc system is powered from a DC power supply 20 and 
coatroUed by a programmed processor such as a program logic controller (PLQ 22. In 
addition, the system may include supplemental standard equipment such as valves (V) and 
pomps <F0 as required. 

In a representative system, surge tank 14 holds a minimum of Jive rninutcs supply 
of process liquid, based on the applicable flow raic through the system. The surge tank 
coarains a static mixer 24 tor enquiring that any chemical additives 16 arc thoroughly mixed 
wiih the process liquid- A& ozone diffuser 26 or an oxygen miero^bobblcr 28 are located 
near the bottom of the tank. 

Chemical enhancement additives 16 commonly are acid or caustic solution for 
altering the pH of vbe process Iit|«icL A metering pump 30 is controlled by a pH probe 32 
in ihe surge carifc for Wending the acid Of caustic chemical additives into the process liquid. 
Other additives can be added by a pump 34 comroBed by a timer in the processor. 
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t The ozone .generator or oxygen scarce 18 is used to accelerate the ocridaiion rate 

} of the electrolytic reaction. It also treats contaminant* that may not be adequately created 

} in the reaction chamber. Ii is sized according to the flow rale of the system. Oxygen 

| increases the overall oxidation rate of the electrolytic process. When ozone is used in place 

| 5 of oxygen, the raxe of the overall oxidation reaction is increased by a factor of about 

: : thirteen. However, oxygen is less expensive and adequate for many applications- 

\ With general reference to the drawings, a reaction chamber 12 can be constructed 

? 

; of square electrode pi ales alternating between group one plates 36 and group two plates 3S, 

"/ The gronp one plates have an aperture 40 at the center, while ihe group two plaics have 

10 four apertures 42 distributed with one hi each comer. The areas of the holes 40,42 a?e 
| calculated to cause a pressure diflorndal so thai the velocity of the process liquid varies 

I and causes turbulent flow as its passes between juxtaposed plated 

\ The plates a*e separated by spaces? 46 (owned of a chemically inert material such 

\ a polyvinylchlodde. The spacers are selected for their jmrioemmed ihtefcocss, which 

j 15 establishes a corresponding gap between the electrodes, A wide variety of spacer thickness 
can be preselected to accommodate the electrical reqeuretnents of the process liquid, 

A ga&tet 43 is located between each plate and spacer for scaling the treatment 
chambers or zones SO within the electrode stack. The gaskets and spacers are shaped by 
their frside edges to define streamlined flow paths in each treatment chamber 50, Gasket 
\ 20 material typically is of a durometer in the range from sixty to seventy to ptoducc a Kquid 
\ ugju seal without, requiring adhesive. To a small degree, the gaskets influence the gap 

| between electrodes In addition, gaskets can be chosen with a preselected thickness to 

change the electrical characteristics of die reaction chamber, 
\ The electrode stack is held in place by upper and lower pressure plates 52. The 

j. 25 plates are equipped with fittings 54 for attaching inlet und outlet conduits to Lhe chamber. 
\ The plates 52 are held together and compressed against the electrode stack by sana bje 

I comp ression rods that may include bohs v threaded rodfs cani-lo dchig fastener rods and the 

I Hkg^ A set of four compression bolts 56 may connect the plates 52 at the four corners of 

\ the stack. In addition, another compression means such as a canvlocking fastener 58 may 

j 30 interconnect the pktes 52 ai the midpoint of each straight side of the stack. The periphery 
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of each electrode plate, gasket and spacer may be apcrarcd to he threaded over the 
comprttfslon rods as an aid to the assembly of the electrode stack. 

Each electrode plaie carries a lug 60 for receiving a D.C electrical connection. The 
lugs extend outside the gaskets on the outer surface of the electrode stack. A guard or 
5 cover can be placed over the reaction chamber to prevent inadvertent contact with the lugs 
or any other electrified portion of the reaction chamber As a safety measure, ihe guard 
may be equipped with an interlocking switch for shulling off power to die system when the 
guard is removed. 

The development tank 19 receives treated process liquid under pressure from the 
10 reaction chamber 12. The treated liquid resides in tank 19 white floe toons. A static 
mixer 64 in tank 19 enhances Hoc development. A polymer injection system 66 can be 
used where polymers will improve the settling process. 

The D.C power supply 20 receives A.C. power ftotn the grid and transforms it to 
D.C through a rectifier. The positive and negative sides of the D.C. supply air sdccuvdy 
15 connected to electrode blades in the reaction chamber. The D.C supply can switch or 
reverse polarity to the electrodes. Periodically reversing polarity minimises any buildup 
or oxides on the electrodes. 

Overall system control resides in the program logic controller 22. Controlled 
features include liquid flow rate, operation of pumps and valve*, and application of power 
20 to the reaction chamber electrode plao r* 

In operation, the system 10 is soiled to ueat process Iiguids. which may Include 
waste waier, drinking water, or process water. Process liquid is pumped from a source 62 
to the surge tank 14 at a specified number of gallons per minute. Ihe surge tank provides 
flooded suction for a feed pump 61 It also receives chemical adefitivw 16 such as add 
25 or caustic solution to adjust the pH of die process liquid. The static mixer 24 blends ihe 
additives and the process liquid. Ozone or oxygen IS are injected into the process liquid 
to enhance the normal not of oxidation that will take place in the reaction chamber 12. 

Optionally, polymers can be injecord into the liquid in (be surge tank to improve 
the floe structure of certain process streams. For example when thickening a stre am of 
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\ sewage sludge, five percent of the normal polymer rare improved the resulting solids from 

seventeen percent to over twenty percent 

I The process liquid from the srtrgc tank i$ pumped under pressure through a 

* connection co one or more reaction chambers 12. Each reaction chamber cotuairu; elecxrode 

i ■ 

I 5 plates formed of selected metals to provide the optimum ions for the appropriate chemical 

■ treatment of the process liquid. If multiple reaction chambers 12 are connected co the surge 

I rank, individwl reaction chambers can be placed on-line or off-line by suitable valves 67. 

f This allows adjustment for varying How rare* send permits maintenance of individual 

| chambers while processing continues in another chamber. The power supply 20 provides 

I 10 DC corxent 10 the electrodes, where the electricity pas* «t through the process liquid and 



j causes cfcemi^ reactions teadta* to form impuri** imo precipitate ^ floes, 

i , The treated process liquid is exits the reaction chamber and enters Ac development 

! rank 19 while sutt under pressure. A residence time in the development tank allows floe 

\ to develop and be separated from the remaining portion of the treated process liquid, which 
15 often is clwm water. Sialic mixer 64 in die development tank increases the rate of floe 

| development and increases the efficiency of the polymer injection system 66. Liquid from 

) the devclopmeflt tank can be p wnped or gravity fed to a secondary separation $y$iem 69 

I such as a clariller, filter press, filter, or the IBoe. 

i 

I Two systems clean the reaction chamber when it is inactive. One system 70 purges 

i • 

\ 20 the chamber and then cleans it by pumping in add or caustic solution that removes any 

k 

i baild-Qp of contaminants on the electrode plates. A second system 72 purges the chamber 

I with water to remove contaminants. The chamber is allowed to remain filled with clean 

> waier when it is idle, Ibe water prevents oxidation on the electrodes, 

j. The following example provides a detailed description of a preferred embodiment 

j 25 of the reaction chamber. 

I EXAMPLE 

I With reference to Fig. 2, a square electrode plate 1 00 has equal sides twelve inches 

i (30.5 cm) in length. An electrical connection tog 60 extends from one of the aides at a 

\ position near one of the corners. The plate can be configured as either a group one or 
30 group two plane, according 10 the number and position of apertures formed in ic A central 
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aperture 40 is formed through cadi group one plate- Four comer apertures 42 axe farmed 

f through each group two plate. The comer apertures are spaced from the edge of ihe plate 

by 0.53 inches. Each aperture 4042 is ttaae-quarttts inch (19 mm) in radios. With an 

• ' electrode plate ejgbifcen inches per side, the preferred aperture radios is one inch. Id an 

5 electrode piaie twenty-four inches per side, Ihe preferred apemxre radius is one and one-half 

\ , laches. 

| With reference to Kg- 3, a gasket 48 has a sqoajs outer edge twelve inches per side 

j and is si*ed to fit over the electrode plate with edges aligned The inside edge of the 
gasket is contoured in an undulating pattern. At a position over the comer apctmrc of ihe 

f 10 electrode, the gasket is shaped with a trough or recess id having a concave curve on a 

\ three^founhs inch radius. The concave curve is located on the gasket co align with ihe 

i edge of a confer aperture 42 of a group two plate over approximately die outermost one- 

) half of the circular aperture. In a gasket having eighteen, inch side edfies. the concave 

\ curve has a one inch radius; or with agastex having tweutv-four incli side edges, the curve 

j 15 has a one and one-half inch radios, or in each eve conforming to the radius of the aperture 

i in a madug electrode plate. 

\ The inner edge of the gasket forms a crest or convex curve 1 04 between concave 

{ curves 102, The apex or center point of the crest is spaced two inches from the outer edge 

\ of Ac gasket. The end of the crest nwwting the crough blends smoothly. In a gasket 

I 20 having eighteen inch side edges, the apex of the crest is throe inches from the outer edge; 

\ or with a gasket having twenty-four inch side edges* the apex of ihe crest is four inches 

i froifc the outer edge. Gaskets typically will be one-eighth Inch in thickness. 

Spacers 46 are shaped identically to gasket* 48 but vary in du ctacs s- Suitable 

I spacer tMckrtesse* an* one-quarter, three-eighths, one-halt tit^ee-fourths, and one inch. 

| 25 With reference to Fig. 4, the reaction chamber 12 is formed by a stack of electrode 

j places arranged between top and bottom pressure plates 52* Each electrode has a gaskxz 

\ on both us top and bottom face, and a spacer 46 is imerposed between the gaskets 

j associated with juxtaposed electrodes- la addition, an end gasket 48 and an end spacer 46 

\ are interposed between each of the pressure plates and each end electrode- Elongated 

i 30 compression members 56 join the pressure platen and allow them to be drawn toward each 
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other to compress the gaskets. With reference to fig. 5, the assembled reaction chamber 
may include bolts or tightening rods 56 ar each comer of the pressure plates- Alternate 
compecwian member such as cam-locking rods 58 may be located at one or more 
locations interaadiaftg the corners. 

With reference 10 Fig- 6, the electrode plates la ihe sock axe arranged with group 
one and group two plates in alternating positions, wiih ihe connecting lugs in alternating 
directions. This eases confection of one electrical pole, such as the positive pole, to every 
other plare. such as all of the group one plates. The opposite pole, such as the negative 
pole, is connected to all group rwo plates. The pressure pistes 52 are provided with a 
lining or connecting aperture 54 for an inlet or outlet to the reaction chamber; 

Wish reference to Fig. 7. the flow path through ihe reaction chamber 12 is sinuous. 
Liquid entering the chamber through one end is directed sequentially through alternating 
electrodes erf groups one and wo. in whatever order is selected during assembly of the 
chamber. The liquid follows a flow path 106 that variously diverges and converges as its 
traverses each treatment zone, as defined between two juxtaposed elecurode plates, 

With reference to Figs. 8, the flow within each 2oac is represented by the arrows 
106. This flow is turbulent due to the varying contour oC the zone. The liquid to change 
velocity frequently. For example, in passing through *e four apertures 42 of a group two 
plasty the liquid sees an overall large passageway represented by the areas of the four 
apertures. The liquid can flow relatively slowly through such a large portaL However, 
when subsequently passing through the single aperture 40 of the juxtaposed group one 
plate, the liquid sees a fclaiivcly small portal represented by die area of the single aperture. 
Ihe liquid must flow relatively faster through the smaller portal. Additional velocity 
changes result as the liquid passes from the narrow portions or a single zone to a wider 
portion, or vice versa. this turbulent flow improves the efficiency oil the. 
electrocoagulation process and helps to clean the electrode surfaces of accumulated 
precipitates or floe 

The foregoing is considered as illustrative only of the principles of ihe invention. 
Further, since numerous modifications and changes will readily occur to chose skilled in 
the an, it is not desired to limit the invention to the exact construction and operation shown 
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and described, and accordingly aB suitable modifications and equivalents may be regarded 
as foiling within die scope of die invention as defined by the claims thai follow. 
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TTOLE OF INVENHON: EU9C1KOCQAGULAT20N REACTION CHAMBER 
AND METHOD WWAMBER 

■ • ^^^^^^^^^ 

1ECBNTC/W p]frn 
of ^ „ «^ ^ ^ a ffl ^ ^ 

to be created to the cells. 
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A primary pibtdem In using an alectrofync process 10 produce clean water is 

25 Des*. taaires 4at«<w m bonefidal 

n.^^n^^i.^^^^ Electrodes 

inefficient and can add u> dm amamn of ^w*;^.. ^ 
anewdv^ -11 "° 016 aroonni of dectucuy consumed. Also, ii ^iU u*^ 
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cI ^ to ^i*e I ectrodcscI^ 

A reaction chamber « desfened to aa***^ nuny areas ' of the 

are considered. Salable spacing between, deerrodes is important, so mat adjacenr 
electrodes do not contact esch o*^ ^ . ^ ^ 
pa* throngh the electrodes is « signifies « d« tag* ^ inflacnces 

tjT.^^ ^ ^ * **«d the 
*^"?*^«te<*^ Ease of replacing electrode* is idgniHcant, 
both tn tenns of rrraime^cosi and the do^ane of a ^ 
amon^aWttec^denrdon*^ 

is a complex process. 

• ■»•-. 

One desirabk coufignration for a reacdon chamber; is lenown as the -filter 

fonn^efcetrode^ ^'^capped^o^cod*^^^^ 
are clamped together by suitable bolts or the? l&ec 'The bolts are tightened to clamp 

^^^^^^^^ 

pte « , anitthat „ ^T^ . ^ be^p*^**. 
coauoned. .^^^^l-cca^^co^^^^^ 
condtu* forfeding amoving a pW a*d the pte<aobe 
apertnred or otherwise confix to define * flow pa* bes*cn the 
^o^inthe^ A filter press design lends itself to the tjse of electrode plates 

relatively lourm cost 

Uml£dStneSPateDlNo - W» Haxtntao « *1 (1922) shows an ead y 

N ^^^nu^an,u^at^pexfotatedend Q fe^ 
perforated end open for ^ flaw ^ ^ tnm ^ cb^ « ^ ^ ^ 



@005 



05/09/05 MON 12:05 FAX 2813395400 



Ecolotron, Inc. 



® 006 



10 



20 



25 



30 



-^^-^ ^^^^ ^ dcco ^ 

Z^rTT^ ^ tf ^ dB ^ ptaeL Howler, even passiag 

edges. Hws ,t appears likely dat longitudinal flow over a tebumgutor plate bounded 
by a side wall wffl be uon-umfbna and will in ^ 7 
!S plale& • •T am *** ^resBKm fouling ol certain awasefdje 

• o ™:^^ P ^^^~^ A first group 

«coi>d group, only the coxners of the periphery ^ 7 

„ . , penpnery are engaged betwsen the gaskets and 

se^ttesttxmdpfates^^ ThepUaescf ^ ga««s and 

thefiratZm flow pa* is fi^o, the center of a plat, « 

However. fc**,,^^^^^^^ 

center flow *iH be ncHnuf^ when square neaneem ch^wT ..^^ 
rt f« B ««. i ^ ^^uwoeaimemchanibers are used. Inasiack 

between dte center hole of or* n f J redaaB «' 15 

« center note of one plate and the micpotot alone asy of the * 

a juxtaposed plata Foaling « m& y ^ Z^JT7 I ^ 

eooieaa of all plates to tfcc stack, wife result™, m,™ « 

process «v>rr„i « wsnuntg uneven wear, poorly predictable 

process control, higher electtidty usage, short ctonts, and ™«JL , 
^Plaeententorieaimenanee. Pwmanne plate 
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Add*** objects, advaotage* ii wd of fte hiventicn^haU be^et 

' of tteinvfcadan. 

Acc^ to the avewfco, m efcan^bagotaioft reaction chamber is . 
con^ of a supporting W p,^ a ^ rf ^ loAgfffidinaJly 

The boning fr^ 

^.^^^^^^^ ^ 
*•"»"!« provide a cemrf^op*** ^ ^ ^ ^ 
^nddec^pl^^^^^^^^ Tbea.tekcaodep^^ 

-F^^-.^^^*^ Ooeoftheolectn^^ 
^^^^^^^oiherel^^^^^ 
P^crd a^e, Bo* of. the dec** ap^ ^ ^ ^ fc 

^.spacer. A ccunptessko device selectively applies or releases a 
^^^^^--endoftbee^de^^^^ 

serve ^^thep^o, fc^d*^™ 

Biugy description <w rag 

Hgure 1 is a schematic drag** of the overall (tate^p,^ 

^ ^ a si^ elecaode plate; 'showing the ccn^ 

~-^d b ^andsho^ gto ^ w ^ a ^^ te , 
R^3isau>ppl aavi e WQf3 ^ g j cga ^ slorspacer 

iWSis^dcdevadonalvicwof top awl b«*H» /' 
reaction chamber d*™^. - Passore plates of a 

reaction cbamber, abowiag compter members joining tbe pha ^ 
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Hgure 10 is a schema* top view of *e clubber of FJ S 9 

Hgum 11 is a^vanon* vfcwofa* eo^,^ 4^ „ ^ ^ 

15 apenur^ testing on dielectric ^ sl ^ 

«al in the electrodes ^ apposed, Cnring 

«s*«„-. «cw 01 411 electrode plate with a single ceniral 

«P«** resung on dielecoic rails, and showing ^ n5laliw JT~™ 
' <^ seal in the decode so^ ^1^^ «f ajmraposed . 

BUST BgQjjg FOR flARPYTM/; rtr . ^ ggga g^ 

„ _ . ^* 8 praramy <* sequential treatment .clxambeis « 

Foce^g^. The filler press style of reaction chamber is suited use fn » w«r 
for tteaiine war«- rv- A . """"^ » *«ted use fn. a system 

cW*dsd c of the xoacion chamber is achieved J^™ 0 * ^-fouhog 
tha* cnnfinA v. achKv^J by aeannj streamlined flow p*h 5 
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W-^feaot.j^^^,^ ^^^^ 
contains surplus area. 

me pardons of (be plate not . pin of the predictable orfaown flow ^ 
bloc^d 6^ conxBa.uitfa d* p^ fi**. Such blocking may te accomplished 

tobeblocfad. **^*usedmconda^ 

^ge^againsttbepfcre W^^^,^^^^^^ 
•-^fc.fcp^^^cMrt.r. tte^atesnnglycon^pxessed ' 
^ ^ f0Dnilg 3 ^ blocked smfaee ateas 

bound . or p^foedflow path, the unblo^ ateas axe ^ ^ fc 

liquid flow. ^ 

A second me^od of confbmung surface ^ of ^ efccttode w ^ 

eiecaode plaics in a reaction chamber employing such a flow pad) can be on in a 
»***ng and prcdeasmmM shape, with supposing tabs or an additional edge 
P^on « *e periphery, as tequhed «o be gged by gaskets. The gaskets and 
*«» «* shaped to-engage only the -^•^pcol^or,^*,^^ 
die specially shaped plan*. ^ ^ 

£* P irfcal d-**.*^ of flow pad* in a xeacriox, chamber, 

a taction chamber emplo^g elecn^ plate* of .standard shape, sncb as 

« .testing she**, he conducted ^ pl«« config^ ro ^ ^ 
P^ec^looaxionsandofsiaea^s^ 

pains appear on the plan* as dean an.es. wMlea^p^^,.^ w ^ ^ 
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• parb. 

The invcrfoo a re3cdon cmpio ^ ^ ^ ^ ^ ^ 

coatour^canbech^for^^c!,,^ 

«M to fon» a fea^tf ^ a ^ ^ fc «U**,,Mdcm«ii^. 

-gnlar^e^^ Elongated vacations of these shapes, such as an ellipse, 

flow pa* oldn^y «. ^ dc*^ * ^ ^ ^ m ^ 
posjuomng of apcttores in juxtaposed plates. 

eke*****. Optioaal*. ^ pair of jn*^.*^ a* by ^ 

P^nqnid^pan^^^^^^^^^ 
ancovwcd area between each, ^air <rf rie^jr^A^ - - 

CDBXtlDtT Or ZOQC, 
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ffoop one. A fc ' center aperture of a plate from 

g*»P One, spreading ootwanDy to the multiple peripheral anemic 

*— « Hnjwoves reaction speed sod efficiency. 

^ .uicqcai to rbe sum of the areas of the diHal a™™^ - 



i; . mrtndeatflow. - — ^^ycaanges further contnb^ ^ 

block stafinam^c^ , of a*, spaces and gaskets is designed to 

^sagnant areas or areas of relatively loxvflow 

or me electrode surfaces. Empincal testing ^ 
Peaphcral apertures shoW5JthMthfiiM ^ F «^ang wxth areolar 

* 30 defioesa^JL ^^edgeoffte^ 
| concave ttoogh rf ^ pe^,^ aDatBt ^. S ^ 
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Oxygen increases the ovenffl aridajkto^rf a^^^^., 



•He plates are separated by spaces 46* form,** «f * « . 
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^^niMpoimrfe^so^^of^sta^ The peaphay <rf each decwde 

• .asu rfd to me assembly of fte dectwde aadfc. 

^ ^ dec ^^Wcwfesanafc^^ 

alXrekcmcalcoimectioQ. The eats extend outside the gaskets on the outer surface 
erf the electrode stack. A guard or cover can be placed over the reaction chamber to 
pnrvenr inadvertent contact with the cars or any other electrified portion of the 
reaction chamber. As a safety measu*, the guard may be equipped with an 
interlocking switch for shotting off power to the system when the guard is removed. 

The development tank i9 receives treated process liquid under pressure from 
*e reaction chamber 12. ^ uea^ Dqt^ «^ io ^ 19 flTC fo ^ A 
^^^m^^^^f^^^^ A polymer injection system 
66 can be used where polymers win improve the scaling process. 

The DC power sn^y 20 i=«h^ alternating «n^t<AOpc^froin. the grid 
and tomsfoms it to DC thremgfa a nxtifier. The positive and negative sides of the DC 
snpply ate sdectxvelyxonr^cted to electrode bladesin the reaction chamber. The DC 
sx^ly can switch cr reverse pc^ w ttedectrodes. Perk^dicaltyre^^r^^air^ 
minimises any bxdldnp of oxides on the efectrodes. 

<*taul system control resides in program logic controller 22. -Q >TO oDed 
features iactade liquid flow rate, operation of pmnps and valves, and- application of 

• power to the reaction chamber electrode plates. 

& operation, the system 10 is suited to treat process Squids, which may 
include waste ™r, drinking w or process water. Process hquid is pumped from 
a source 62 to the surge tank 14 at a specified number of gallons per minute. The 
surge tank provides flooded suctk* for a feed pump 68. It also receives chemical 
addttm* 16 such as add or cans* solution to adjust the pH of the process Houid 
The static rrfixer 24 blends the addinves and the process Equid. Ozcnc or oxygen 1 8 
are ejected into tfieprcce^ 
cake place in the reaction chamber 12. 

Qptie^y. polymers c». be m^ 
unprove thefloc stntcruro rfcena^ process streams. Par exampK W fien mictedng 
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a stream- of sewage smdge, five percent of As nomal polymer cate improved the 
xsscMag solids from seventeen perecfa w over twang pe t ua w . 

The process bquid from the surge tank is pumped under pressme through a 
connection to One or mote teacuctt-fihsnnbciB 12. Each reaction chamber contain^ 
electrode plaies fanned of selected metals to iwvide the optimum ion* for the 
appropriate chemical xrcxuem ot ike piocess ijqdd. If multiple reaction chambers 
12 aeconnw* to tf« sagex^ 

or off-fineby suitably valves f>7. This allows, adjusaneot for varying flow rates and 
pennte maintenance of md^di^. chambers ■We pnxcasmg continues in another ■ 
dumber. The power supply 20 provides DC crarent to the electrodes, where the s 
electricity passes dircugb the process Hgnid and causes chemical reactions tending- to 
form impurities into predpitates mi floes. 

. Hie treated process liquid edts the reaction chamber and eutas the ' 
development tank 19 vdiik still under pressure: .. A n^dence time in the development 
15 tank allows floe to develop and be separated from the remainmg portion of the treated 
proc^ Bo>J, «dn^ ofieo is dean 
j increases the rate of floe development and increases the efficiency of the polymer 

| injection system 66. Uo^nd from the development tank can be pumped or gravity fed • 

j to a secondary separation system^ 

| 20 '^^^*clean dieieicn^ . A 

I pmises the chamber and then cleans it by pumping m acid or caustic solution thai . . 

{ any btriTd-up of contaminants on the electrode plates. A second system 72 

| purges the chamber with water to remove contuninarits. The chamber is allowed to • 

\ ' ^ ^th waters it h, idle. TTw waw prevents oxidation on *e 

| 25 electrodes. 

I . According n> one detailed embodiment of the reaction chamber, and with- 

I v* 6 ™** *> Hg. 2, a square electrode plate 100 has eortal sides 30.5 cm (12 in) in 

| length. An electrical ooimection ear 60 emends from one of the sides at a postnon 

nearot^ofdtecon^ Iheplatecante 

two plate, according to the number and pennon of apertures formed in tl A central 
aperture 40 is formed throagh each group one plate. Four comer apenraes 42 are 
funned through each group two plate. The comer apetmres are spaced from fteedge- . 
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tftheplambyl35mm(053m). Each spemne 40,42 is 19 mm (0.75 in) in radius. 
™^d*^pl»e45.7cm(18m)^ 

is 3.8 can (L5 to). 

With reference to Kg. 3, a gasket 48 has* square outer edge 30.5 cm (12: in) 
•per side and is sized* fit over the electrode pj^ ^hh edge* aligned. The inside 
^etftegasketisccmomedmanw AiaposfoWovermecorner 
aperture of the electrode, the gasket is shaped wfo k !rougb or recess 102 having a . 
concave curve on a 19 mm <0.75 in) radios. The concave curve is located on the 
gasket to align with, the edge of a corner aperture 42 of a group two plate over 
approximately the outermost one-half of the circular aperture. In a gasket having 45.7 
cm (18 in) side edges, die concave curve has a 25 cm (1 in) radios: or with a gasket 
having 6i cm (24 in) side edges, the curve has a 3.8 cm (15 m) radius, or ineach 
case conforming to the radius of ihe aperture in a mating electrode plate. 

The inner edge of the ga&et forms a crest <* convex curve 104 between 
waicave curves 102. The apex or cim^ 

the outer edge of .the gasket. The end of the crest meeting the trough blends 
smoothly. In a gasket loving 45.7 cm (1 8 in) jade edges, The apex of the crest, is 7.6 
cm (3 3a) torn the outer edge; or wim a gasket ba*mg61 cm (24 m) side edges, um 
20 apex of me I crest is 10 cm (4 m) from the outer edge. Gaskets typically- will be 3.2 
mm (0.125 in) in thicfcness. 

Spaces 46 are shaped identically to gaskets 48 but vary mihwkriess. Suitable 
spacer thicknesses are 6.4 mm, 9.5 mm. 12.7 mm. 19 mm, and 25.4 mm (1.4 in. 3/8 
in, 1/2 in, 3/4 in, and 1 inX 

25 With reference to Hg. 4. the reaction chamber 12 is fonned by a stack of 

electrode plates arranged between pressure plates 52 on opposite ends; 1^ 
is juxtaposed to a gasket on each of its, faces, and a spacer 46 is interpc^ 
the gaskets associated with juxtaposed electrodes. In addition, an end" gasket 48 and 
an end spacer 46 are mteiposed between each of d» pressure plates azri each end 

30 dectrede. Ekmgated compression memb^ 

to be drawn toward each other to eompress the gasket With reference to Hg. 5; the 
assembled reaction chamber may include bobs. Or tigtaemagrods 56 at each comer of 



05/09/05 MON 12:10 FAX 2813305400 



Ecolotron, Inc. 



f 

i - 



! 



10 



15 



20 



25 



rods S8 may 




tbeptessuie pises. Al^igcafl^pB^ nieadim^chas* 
be located at one or more locations iniameaTate.the comer*. 
TO » to I^ttoelecm^ plated 

eMdrnvA**^ Urn e^ccnnccd^ oCc^ efectr^ pole, such as. the 
positive Po^ to oth^ j^; ^ ^ ^ ^ ^ ^ p w Theo|jpesite 
pc^^«^«^p^ facoo ^ The'pressurc 
J*«s 32 are provided with a fining cf.coxmeoing ^ 54fbr into OT0U to ro . 
tte reaction chamber, i ' 

*lft -fence loHg. 7, 6c flowpam fe**fc me reaction cfenfcer 12js 

alterDating efcarodw and two. fa wh*ev«- order is selected during 

ass^bry of the chamber, l^^f^* fl6w paA ^^^^^ <Ji ^ 

^converges as i(5 ^v^ e ^ ttc ^.^ MAsfi ^ bctween twojma _ d 

electrode plates. . . 

■ . * • " . ■ 

With reference to Hg.' ^ the flow within each zone is represented by, rhe 
anowslOo. ^f^faturb^aud^totev^c^^^^ ^ 
changes velocity frequently. For example, in passing through the four apertures 42 
of a group two plain, the ttmld sees an e^all large passageway reposed bv me 
axe* of me fonr apem.es.- l^Ti^ctf flel^a^^ mreogh^haia*^ 
portaL H^eve^whensufceo^,^ 
J^^^^P^mel^ 
area erf the dngleapertnrc. T^h^rnt^flQwrelatrveJy 

portal. Additional velocity changes result as die liquid passes from me narrow- 
portions of a single zone n> a wider portion, or vice versa. This rurbukm flow 
nnpiovea the efficiency of the electrocoagulation process and helps to clean the 
electrode surfaces of aamowlaied praapitates or floe 

^nofherpre^eBhoan^fc 
teacnon chamber 108 allows the number of blades or electrode plates in the electrode 
«* 109 to be varied. * also aHows the electrode plates to he I *noved ^d 
reinstalled for clearing or replacement in a simpfe and efficient raannc, Uds 



05/09/05 MON 12:10 FAX 2813395400 



Ecolotron. Inc. 



@010 



10 



•15 



20 



25 



30 



Aepressntepfa*. A^^cn atpj ^ iae ^ 
b©lwu«Iatoi»orTOtocaiionsfe 

With reference to Hg. 6, the electrode plates in the stack are arranged with 

eaisma lt n n Kmned fmrti dns. Tte ofoae electrical pole, such a* the 

po^ve^toev^.otberpl^^a,^^^^^ Theopposite 

Pi*w 52 are *n*ide«- *i* a «■ .—.^^ SMbr «. » 
the reaction cfcamtef, . . / 1 

WAnfero to Ffc 7. the flow'pk through the react** chmvbtt n js 
'^'^gtheehambcrrhxoaghc^^ 
alte^g elides of gro^. one and two. in whatever orfcr is selected dorin* 
aS5OTWy ° fthe ^ mbCT - ^^folk^^a^pU 106 that vano^ 
a»I convey a* to each, m^-aooe, as defined benveen two j**^ 

With reference u Hg;.*; ^ flow trthin each zone i* represented by ^ 

chan^vrfocfty fairly. 1*^*1**,^ ^ ^ ^ ^ 
rf^^P^^Hqtfd^an^ 

of the fo^ape^ 1^^^"^,^^^^^ d^^.^.. 
porta H'^.wbenstfcscojte^ 

area erf the single aperture. T*WMm* n mtat*,* im i m + tbeswaller 
PQrtaL Additional .tfotity resr* as the Ii*rid passcs ft** ^ Ilanw 

»*^»*«d.^,^„^^ This nnbolent flow 
improves the effide^ of the ejecoocoagnlarion process aud beJps to d^n the 
^geq^sqrfi^ofacQHB^^ 



M«<*^in35^aH4l0.mwhichaA 
tesoioa d^amher 1(» aUo^ ^ ao«ber of blad^ 

<^ Italsoall^thce^pl^.to^,^^ 
reiastaBed for clearing or replacement in a simple and efficient mam*. Tins 
^bar is c^swea* wifr a fito-^ ^ * ^ ^ afia|Bcll0d|it 
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suppoitsapafr of spaced apattgeDei^ 

Typically a rafl is constructed of metal and can^ai»<Mcctric^yinsalaimgT^ strip 
or other dielectric covering 114 at all contact areas wich an electrode plate. The rails 
aro well soiled to support easily fahtiarted, square electrode plates -101, K)2> as shown . 
in Hgs. 13 and 14. The plates inctode laterally extending ears 116 that overlie die 
rail* and support each plate on die ra2s by gravity. In addition, fee ears 116 serve as 
supporting rafl guides that allow the plates to be positioned by sliding on the tails. 
The rail guides 116 may have a recess or hooked shape opening to the bottom side 
for engaging a rail and sliding on the rail when pushed longitudinally. 

The frame supports apair of spaced apart pressure plates 118 that rest oniails 
112 and save as die opposing end plants for the intermediate electrode stack 109 of 
reaction chamber 1XML A supporting ear or tail guide 116 emends fiom each lateral 
side of plates 118 in a stmahle position for engaging the raa$ 112. One of tfce 
pressure plates 1 1 8 is a stationary eucl plate located az onelongfodmal end o£the rails ' 
15 112 T such. as fee right hand end in tbe view of Hgs, 9 and- 10* "Ibe stationary, plate 
1 18 is lodged against an end of frame 1 10, Which soppons the stationary pl at* against 
movement A second pressors plate 118, at the left end of the reaction chamber in 
the view of Hgs. 9 and 10, nngr be reganfed as a The second plaie 

i 18 cm be selectively pressed gainst the jracaposed end of the electrode, stacks 
20 pacing the' stack against the Safconajry plate and; 0ms, sealing iu Wh^"prfcssurc 
through the moveable plate is released* the electrode stack can be spread apart along 
the rails, and any component can be Kfied from the dielectric rails, inch as for 
main t enance or replacement. 

Wiihrefens3scetoK& U» the external f;^ of p 
25 to allow a central force on the plate to seal the electrode stack. A force dissipating 
pad 120 at the renter of plate 118 provides a thickened contact area. A plmality of 
gussets 122 radiate from pad 120 and extend io the.periphery of the plate, Tbe plate 
may carry an inlet or outlet fitting 54- The pad and gusset structure prevents the plate 
from warping or deforming when a central pressure is applied on pad 120; 

A compression means or device selectively poshes tbe moveable plate 118 
against the electrode stack, sealing it against leakage and allowing pgessnrited 
operation. The compression device also selectively leases the pressure ID allow 
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electrode plate* 10U02 to be removed for maintenance or replacement -Aprdfeoed 
dompr^ssioa device is a fluid operated piston cylimk*; operable between an extendi . 
) posiiianandstctfa^posii^ Apfcearnanc arhydraofo 

' sotoblc Tig cylinder 124 acts between the teft end of fcrni^ lifted m*™^^ pfr t~ 
, .j 5 118 on the left side of the electrode stack in the view of Kgs. 9 and 10. T^e 
} hydrtcaHc cyEnder can work over a renge of extension, allowing the number of 

• electrode pims in 0k dectrodest^tobevaded. One end erf Ac cyHnder 134 may 
| . be connected 10 fee frame 110, and the cylinder is positioned for the opposite end to 

contact die nearer end plate 118 -when die cylinder is extended, to compress the 
\ * 10 ekitfrode stack. 

j The electrode plates used in reaction chamber JOS provide turbulent flow of 

the process IzquiaV flowing through a flow path defined by alternating group one and 

) gitwip two pfajes. hi this embodijneot, tbe electrode plates incfode supporting rafl 

guides 116 for <any^ 

< 15 plates is separated by a spacer thai also indndes rail guides 116. fig. 12 shows a 
modified spacer 103 defining a central spacer opening, preferably with a round -edge 
; profile defining a circular opening of predetenniried diameter. The spacer may cany * 

j a comprc^sibfe seal at each feoe; Thus* both feces of the spacer 103 may define a 

■ ■ retaming groove thai cardas an Onng seal 117 juxtaposed to the edge of the central 

• 20 opening. 'The Odug seaTon each face of tbe spacer subsume for a gasket 4& The 
f spacer is fornjed of a dielectric materiaL Hie thickness of a spacer can be selected 
] to establish a desired spacing between blades. 

I A single ucaonear dxaraber may be regarded as inducing a central spacer with 

a group one plate on one face and a group two plater on die opposite feefc. As shown 
] 25 in Kg. 14. the group one plate 101 defines a central aperture 40, preferably round, dial 
J is smaller than the central spacer opening. The diameter of apcrtnre 40 preferably is 

about wenry peitentorlessof the dianjeter of u^ <^tral spa^ opening Plate 101 
includes lateral rail guides 116 capable of supporting die plate 101 from rails 112, 
f Tbe plate may include an electrical connecting ear allowing connection to an electric 

■ 30 power source 20> although one of the rail guides 116 may be adapted to serve this 
additional fitocdon- Preferably, the rafl guide serving as a c»iineaing ear i^ provided . 
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with an attadaaeit point <^ a* hole 126 soiled for connection 10 an electrical 
connecting log and wire pigtail 128. 

A modified group rwo dectrod^piaie 102 is used on me opposite side of the 
Jmacec. As shown in Hg, 13. the modified pfcue 102 has peripheral apermre* 104 • 
oonfigmed a, arcs of a penpheral circular dot . Jht eater edge of Ae atroate 
apertort* hes closer within die diameter of the Onpng seal 126 so max the dot is 
radially jttrmposed to the cenrral spacer opening. A nmmiial peripheral area of pfe* 
102 is exposed ta process liquid outside the position of slot 104 to abate fooling. The 
slot 104 is discontinue as oo=e^ 

example,'^ central distdaped portion maybe connected to the peripheral' portion 
of the plate at one or more connecting areas. The connections should be as narrow 
as practical, with die typical arc of such a- connection bang about fifteen degrees. 
Ihns. if few coonecdng anas an; Was shown in'r^g. 13, die slot 104 will extend 
over about three hundred degrees, ^.theccmnecting areas wffl extend over about 
sixty degrees The cJecirode plate lffi'ix^dcs a coimectbig ear or log anachmeni 
point 126 as previously described. 

the cumulative area of apertures 104 is- smaller ihan the size of the central 
spacer opening bur larger than size of the t^emng 40 in plate 101. For example, the 
beight or radial dimotsiob of the arcuate slot can be about 13 mm COS in) relative to 
a dfcmefer of aB«?t25^ cm foYWcauhSl spacer opening. I¥ooeSsTiquidls 
mamtained mttirtulcnt flow along the flow path passing through dw differendy sized 
openings 40 and 104. The turbulence is encouraged bytiieiKm-iinenr flow path and 
by differing areas of die spemaes in juxtaposed plates. 
I Elecrrical power is easfly applied or removed from the plates of the reaction 

25 chamber 108. In one desirable atrangement, pkies 101 may be arranged on dielectric 
j. rails 112 with the connecting patou 126 all on One side of die chamber, while plates 

102 are arranged with point 126 on the opposite side of the chamber.- Positive 
connections may be applied to one side, while negative connections are applied to the 
Other. Lugs and wire pigtails 1 28 may carry waisrproof rwist phrgs. often referred to 
asCAMccmnectni^thmato^ 
the DC power supply 20. 
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sertmg in place a des&ed sequence of soac^ ,™ ^. , 
' ontfaedfcb*^ -1 * Sp **^ one pL^. and group two pb** 

juxtaposed to each end pine. AMiwrf™^ ' 

enopcae. A ^^^<»^^ises l abJi s h C ^ S ^g atone 
end, by adding ajdaesefccad^ ^ 

_ „ ^ followed by another . 

^^^^^^^^^ ^ 

harness is housed above tn^mi^i -~ 

*, . ^ove uie electrical connections of the" blades so that it can 

remain dry even when the electrode stack fe opened: 

1^ fW of process ^ ^ ^ ^ ^ ^ ^ 

cyEnder is xwifluirawn, whoeapon the m-^w.* a , 7 
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110 beW the rafl, to .^.^ ^ ^ ^ . 

to the untreated process Bjoid. 

I* ft cwuadewd* iiloswte ^ of *e pti*^ of the 

inv^ooo., Further^ inm^ a.odJfe*^ dwnges wffl readfly pccar to 
those skilled -fa the an. it is got deshed to limit the inveotion to the exactconscractioii 
^ ■* all modification fed 

r y bC - *»■ wW^'-iope of d,'^ ^ ^ 

by Aedkhns that follow. • ' . w *" ca 
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CLAIMS 

h A* ekcoocoagokuon reaction chamber for the electrolytic treatment 
of a stream of process Kgidd* comprising: 

a supporting frame providing a pair of.Jaimally spaced, langftodmany 
eawadiBg, dielectric. nQs for «q»i>odii«»dfleiiode stack; 

first and second spaced apart end plates that am carried by said sopporting 

an electrode sudc Uiat » looted between said end.plaies and that defines a 
flow path therethrough for process liquid, formed of at least 
| a . dielectric spacer that is supported en said rails and which 

/ defines a central spacer opening- that forms a portion of the flow path; . 

\ • first and second electrode plates thai arc supported on 

\ ^ ^ wherein said first electrode plate is poshj oued between 

j ,15 • ^ ^ end plate and said spacer, and said second electrode , 

t Plate is positioned between &e second end plate and doe spacer; . 

t and 

i 

j wherein one of said electrode plates defines a central electrode 

j, ' aperture dm is positioned centrally relative to the oemral spaca: 

] . 20 " artf 'fortus a portion of the flow path; and the other ' of tbfc 

) efcewode plates defines a peripheral electrode aperture that is 

j Positioned Deriphera% 

j a portion of a flow path; 

| * compression means for selectively applying or releasing a compressive force 

? 25 on the end plates for selectively applying compression «> said electrode sraclc or 

J reTeasing compression from the electrode stack; 

j «n inlet for sopplymgprr^lio^d 

i . and 



j an outlet means for <fi a d l argins process liquid from a second «nd of the flow 

| 30 path. 

2. ' The electnxxiagularlon chamber of Claim 1, further comprising a means fox 
supporting said first end ptoc on . said rails for sliding movement. 
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3. 1T» dectrocoagolanon chamber of Claim X wherein said compression 

and against said eio=trode,smck. 

4. Tteelecwceoagtdatianc^^ 
and fiaffle^e- Stably changed sod. mat the frame, teaocs the second end plate 
against movement away ft©tp said electrode siack 

5. The electrocoagulation chamber of Claim I, «hete«i said dkdectric spa^f . 
**»PP^ofissidtail ? by a ,uea^ 
with iespecs to the ra2s- . . ' 

6. The elecrrocoagaladon chamber Wciaan 1, wherein said electrode phm* 
are supported on said nuTs by a tneans for altowiBg plates to slide longitodtnaay 

| wnh tespeci io die nils 

S 7 " ^ chamber of Claim 1, said peripheral 

i • electrode Ware is juxtaposed ro an edge of said central spacer opening 

15 8- The electrocoagulation chamber of Oaiin 7, wb«ero said edge of the 

? central spacer opening is concave to '^d pedpfaetal ekctrode aperwe: 

9- The electrocoagulation chamber, of Claim 1, wherein said peripheral 

i electrode aperture is arcuate. 

I The dectrocoagaladoD chamber of Oaim-9, wherein said peripheral 

| 50 ckcirodeape^iswd^ _ 

| II- The dectrooc^gnlaXiQn chambered 

1 a -compressible seal located l««veen said spacer aiide^ 

| second electrode pla^s for forming a ptessmfcable electrode stack when longitudinal 

; comptiesstve force is applied to said first and second end pUtes, 

j 25 -12. The deeaocoasDlatiQD chamber of Claim 1; wherein said peripheral 

\ eiet:a< x^ apenaie smaller in area than said cenusl spacer opening. • 

13. The eJectrocoagulation chamber of Chora I. further comprising: 
anelecTrical.romectkmw 

a waterproof, selectively ormirerahle and disccrmcctable wire <»imector joined 
30 to said connection ear; and 

i 

\ arcp^soia^cotujected* 

\ . 14. The elecrroeoagtdauon cb^b^ 1, tnnhereornprifflng: 
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**e**> the fer efectnxfc pi** « ^ ^ do^',^^^ 

ea* ct^viing w a ^ ^ ^ d< ^ odes ^ ck . and 

the second electrode pLnes are ^ran^d ^ the eie^kaj connection ea* 
extending to a second. lateral side of d* electrode stack. 

15.' Tie etectmeo.gd^ chamber oiOami 1. fortber comprising: 

a catch tay canfad by said W below the electrode stack ftrf catching 

PIWSSS ^ When *>*P<«*«n W selectively releases compressive force 
on the electrode stack. 

is. ' 

means comprise' a fluid operated piston cylinder operable between an exuded 
*** * rCTaaed I**** one end ro ^d frame and. suitably 

17- A electrocoagulation reaction chamber for the dectrolytic -treatment of 
a stream of process Booid. comprising: 

a sapponiag frame providing a pair of laterally spaced, longitudinally 
**ix*uially J^^ai^ :,^^ nd&- for • fiapP ^^- ^ 
electrode stack; 

end plates carried by ^ 
oue of said aid pkues ^ slid;sbly s^ppo^ 0D ^j.^. . . .. 

an electrode stack imermedia* said first and second end plates, defining a Sow 
path therethrough for process liquid, mdudihg: 

a dielectric spacer supported on said rails and providing a 
carnal areolar opening defining a pomW a flow p** for process 

fo« end second electrode plaaw tamper on said nrils, 
**en^ said fim electrode plated 

end plate and said spacer, and said second electrode plate is 
positioned b«*c« said second end plan* and a* spacer; and 
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wfcereSa one of said first and second -electrode plates defines a 
««aiJar cental etecaodeiqiaiBie fonam 
process Eqoid. positioned centrally telarive 10 said circular spacer 
opening and of smaller si* ,han ^ cin^ spacer opemi^ aad the 
amer of me fit* and second electrode plans defines a plurality of 
petqAenl electrode apertnies fonning « portion of a flow path for 
process liquid, positioned peripherally relative » d» central spacer 
opening, and cumv]«*vely of smaller size than the areolar spacer 



means selectively applying m * releasing a longtadinaJ eonrpressive force to 
said first and second end plates for selectively compressing said electrode stack and 
releasing compression on die electrode -stack; 

an ink* means for supplying the process litjoid imo a fn« longtodmar end of 
the flow pad); and 

an, outlet means for removing tbe process liquid from an opposite longimdinal 
end of the flow path. 

j W> A metfaod * an electrocoagulation chamber, comprising: 

} &si, providing a pair of ktosdiy spaced, longita^naUy extending, generally 

• horizontal, crefcxaric rails; 

\ , 20 second, building an electrode stack on 4e dielectric rails by placing a sequence 

| of alienating electrode plates and didectdc spacers on the rails, together with a 

! Insure resists end plate si ea* 

| plates, spacers, and at least one of the end plates rest on tbe xails by gravity and are 

l longitudinally sHdable thereon; 

j 25 third, compressing the electrode stack to seal the junction between each 

* . etectrode plate and spacer. 
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tadepnic rails, a 12) . support on electrode stack (1Q9) that is compressed 
between end pressure plates (11$). Hie sack is composed erf a dideetric spacer (*6. 
103) forming a cemn&sfocet epenrag, separating apairof deciiode. phots (I0U02) 
drat each have a different configuration of parings. A first electrode plate (101) of 
the pair has' a central apenure, while, the second electrode plate (102) of the pair has 
peripheral apertures. A compression device such as a hydraulic cylinder. (124) 
compresses diestack, sliding plates and spacers together lo forma presaire-dght. 
reaction chawbw (108). When the cylinder is refeasU any plate or spacer is readily 
removed from tire stack for replacement or roantenance merely by lifting' ir off (be 
rails. A^elecoic potendalcan.be apj^ w each elecriode plate at a connecting ear 
(Ho), which may be a one of the rail guided .(116), 
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ABSTRACT 



An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment of aqueous and/or viscous fluids and sludges. The apparatus 
is configured as a plate and frame design utilizing hydraulic or screw type mechanical 
closure on recessed, gasketed, non-electrically conductive spacer plates hereafter referred 
to as spacer plates that completely enclose and encase all fluids, electrical contacts, 
electrodes and fluid conduits within the confines of the spacer plates. The spacer plates 
include integral supports on the edges that hold and position said spacer plates and 
enclosed electrodes on top of the side rails of the supporting frame such that the spacer 
plates with enclosed electrodes may be opened or separated for electrode replacement or 
other maintenance and conversely closed, pressured and put into service. The apparatus 
also includes a baffled influent and a baffled effluent chamber and/or plate at both ends 
for the addition and flash mixing of chemical reagents and/or flocculants and also that 
provides a means of fluid communication with the fluid conduits formed by the 
interconnection of gasketed ports through the spacer plates and/or external conduits for 
fluids to enter and to exit the apparatus. Various physical, mechanical and/or organic 
separation means in fluid communication with the apparatus may or may not be utilized 
based on influent fluid characteristics and the desired goals and objectives of treatment. 



Process and Apparatus for the Electrocoagulative treatment of Aqueous 

and Viscous Fluids 

Background of the Invention 

1. Fi^eld of the Invention 

The present invention relates to a high pressure method for the treatment of 
aqueous and viscous fluids by means of flowing through a plurality of electrically 
charged electrodes therefore destroying or otherwise rendering harmless any 
undesirable living organisms and allowing any undesirable matter present therein 
to be subsequently removed such that once treated, the fluids may be classified 
as harmless or otherwise acceptable to humans, animals, insects, vegetation and 
the environment. The invention also relates to a plate and frame apparatus 
utilizing recessed, gasketed, non-conductive spacer plates with enclosed, 
exchangeable electrodes of various designs that are suspended on a supporting, 
square, elongate frame in such a way as to allow the spacer plates with 
electrodes to be easily separated or opened to exchange the electrodes or 
perform other maintenance and subsequently closed and pressured utilizing a 
hydraulic or screw type mechanical closure device that shall maintain sufficient 
closure/operating pressure to seal the plurality of said spacer plates with 
enclosed electrodes therefore containing pressured fluids within the confines of 
the plurality of chambers formed therein. The apparatus also incorporates 
(integral or non-integral with the supporting frame), influent and effluent mixing 
chambers and/or plates (with injection ports for chemical reagents) in fluid 
communication with conduits that may or may not be within the confines of said 
spacer plates allowing aqueous and viscous fluids to enter and exit the apparatus 
and multiple mechanical separation means in fluid communication with the 
apparatus to subsequently separate liquids from liquids, liquids from solids 
and/or for dewatering of the fluid. 

2. Description of the Related Art 

The present invention is directed to improving methods and apparatuses for 
the treatment and/or removal of undesirable matter and/or organisms present in 
solution, in suspension and/or in a stable state of emulsion in aqueous fluids 
such that said methods and apparatuses may process said fluids at increased 
flow rates and also may process said fluids having high viscosities (biological 
sludge, soil slurries, oil field drilling fluids, etc.) in an environmentally safe, 
economical, user friendly, easily manufactured and easily maintained manner. 
Many electrocoagulative treatment methods and apparatuses have been 
described in the literature dating as far back at 1901, Lacomme. The present 
invention incorporates unique engineering concepts that shall be apparent to 
those skilled in the art. Previous attempts to achieve engineering excellence are 
described in the forthcoming list of prior inventions and patents. 



U.S. Patent No. 3,969,245, 7/1976 issued to Ramirez discloses 
an electorcoagulation method and apparatus utilizing a cylindrical cell with 
concentrically positioned electrodes for electrolitically generating large quantities 
of gas bubbles while simultaneously flowing wastewater through the cell to form 
an embryo floe which subsequently attaches to the gas bubbles to achieve 
clarification by floatation. Ramirez vented the electrocoagulation cell to 
atmosphere to avoid build up of pressure within the cell. Current environmental 
standards dictate that fugitive air emissions are unacceptable and present 
complex permitting issues. Venting to atmosphere also limits applications in 
which an apparatus or process may be implemented due to hazardous materials 
venting to atmosphere and risk of explosion. 

U.S. Patent No. 5,928,493, 7/1999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow conditions 
incorporating an agitated defoam tank utilized for allowing entrained gasses to 
escape prior to entering a settling clarifier. The inclusion of a defoam tank 
increases the overall footprint, adds additional plumbing and mixing components 
and vents off gasses to atmosphere. For the afore mentioned reasons, this is 
unacceptable in many applications. The reactor cell housing with opposed 
grooved sides for retaining the electrode plates also presents problems. 
Because of the spacing of the plates, when fluid velocities reach a critical point 
the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible 
hazardous materials to workers and the environment and the release of off gases 
to the environment. This reactor cell design also depends on "links" which are a 
means of connecting electrical power to the electrodes. These "links" must be 
inserted between the closely spaced electrode plates and tightened by means of 
nuts, screws and/or bolts and becomes maintenance intensive when exchanging 
the electrode plates or performing other maintenance. 

German Patent Document DE 3641 365 A1 , issued to Klose discusses an 
electroflotation device for purification and treatment of polluted water by flowing 
the water over bundles of iron and aluminum electrode plates. Electroflotation is 
described as a combination of chemical and physical actions whereby iron and 
aluminum are sacrificed from the anodes and (as with chemical precipitation), 
utilized as an oxide for flocculation. Electrolytic action between anodes and 
cathodes release oxygen gasses in the form of fine bubbles which enter into 
oxidation reduction reactions with substances in the water causing the 
precipitation of pollutants. Disinfection, metals removal and oil water emulsion 
splitting occurs and contaminants are removed by vacuuming floated material 
from the surface and removing bottom sediments via the sloped bottom of the 
vessel. This device utilizes a rectangular tank, again open to the atmosphere, 
non-pressured and is not applicable to viscous fluids or sludges. 



As illustrated by the background of the invention, attempts to develop 
methods and devices for the removal of contaminants from fluids shall continue 
in the future as in the past. There has been no effort thus far that provides the 
benefits, advantages and unique engineering concepts as the present invention. 
The present invention is considerably unique in comparison to conventional 
engineering concepts and in doing so offers a means of causing undesirable 
matter to precipitate or co-precipitate from suspension and/or solution, the 
destabilization of suspended colloidal material, the destabilization of emulsions, 
and the disruption of undesirable living organisms utilizing distinctively unique 
recessed, gasketed, non-conductive spacer plates to enclose and hold in a place 
a variety of shaped electrodes while containing all fluids, electrical conduits and 
fluid conduits made up of interconnecting ports sealed by gaskets and capable of 
operating at high pressures such that viscous fluids may be pumped through the 
apparatus. Additionally, the uniqueness of the apparatus contains integral mixing 
chambers and a square or rectangular support frame utilizing hydraulic or screw 
mechanical closure allowing ease of manufacturing, cleaning, maintenance and 
operator safety. 



Summary of the Invention 



The present invention relates to an apparatus and system for treating 
aqueous and viscous fluids at high pressures comprising: a pump for transferring 
various fluids through an electrocoagulation device, a plate and frame 
electrocoagulation device, an effluent conduit in fluid communication with the 
electrocoagulation device incorporating a pressure regulation device and a 
physical, mechanical, and/or organic separation means connected to said 
effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be released through 
the physical, mechanical and/or organic separation means. 

The plate and frame electrocoagulation device of the present invention 
consists of a plurality of recessed, gasketed, non-electrically conductive spacer 
plates hereafter referred to as spacer plates with integral supports on the edges 
that contain various shaped electrodes within the recessed boundaries of the 
spacer plates. The integral supports on the edges of the spacer plates rest on 
the side rails of a square or rectangular, elongate frame that is supported above 
grade by legs such that the spacer plate stack is arranged in a horizontal 
orientation. This in no way implies that the spacer plate stack cannot be oriented 
in a vertical orientation and in many applications it is favorable to orient the 
spacer plate stack in a vertical orientation. The electrodes may or may not be 
made of sacrificial material including iron or aluminum such that the electrode 
material will be sacrificed at the anodes in accordance with Faraday's Law when 
a voltage is applied to said electrodes. However, it may be beneficial to make 
the electrodes of a non-sacrificial material and/or coating said electrodes with a 
non-sacrificial material when oxidation, reduction, or organism/organic 
destruction by the electromotive force present within the device is the desired 
effect. Said electrodes plates may or may not be constructed such that they are 
slotted, perforated, pierced, crimped and/or be constructed of a porous, 
permeable or semi-permeable material. The afore mentioned spacer plates may 
or may not be constructed such that gasketed ports will align with each other 
when a plurality of spacer plates are closed against each other and pressed 
together such that the gasketed ports shall be interconnected forming conduits 
for fluid flow within the confines of an outer gasket located near the peripheral 
edge of the spacer plates. The peripheral gasket of the spacer plates contains 
all fluids, conduits and electrodes such that when closing/operating pressure is 
applied by a hydraulic or screw type mechanical closure means the system is 
totally isolated from the outside environment. The spacer plates also include 
highly electrically conductive metallic discs or rods that may be embedded in the 
spacer plates or inserted through gasketed ports through the spacer plates such 
that when a plurality of said spacer plates are pressed together under 
closing/operating pressure they shall form electrical conduits by interconnecting 
with each other to distribute an applied voltage throughout the device contacting 
selected enclosed electrodes. Said electrical conduits are within the confines of 
the afore mentioned peripheral gasket such that upon closure of the spacer 
plates said electrical conduits are totally isolated from the outside environment. 



The electrocoagulation device includes baffled influent and effluent mixing 
chambers and/or plates (that may or may not be integral with the frame) at each 
end of the spacer plate stack for the addition and mixing of chemical reagents 
and/or flocculants and that also provides a means of fluid communication with the 
fluid conduits formed by the interconnecting gasketed ports through the spacer 
plates and/or external conduits for fluids entering and exiting the device. This 
arrangement allows for influent and effluent plumbing to be located on one end of 
the device and also allows for the hydraulic and/or screw type mechanical 
closure means to be located on the opposite end of the device such that 
closing/operating pressure may be applied to the spacer plate stack. Said 
closing/operating pressure shall be greater than the influent pumping pressure 
such that closure is maintained containing all fluids within the confines of the 
peripheral gasket of the spacer plates such that the fluids are totally isolated from 
the outside environment. The influent mixing chamber/plate may or may not 
extend through the head stock of the frame such that it is in fluid communication 
with a riser conduit connected by a tee (T) with said riser conduit being of higher 
elevation than the spacer plate stack and terminating by means of a pressure 
regulating device that may or may not be actuated for the purpose of (1 ) 
collecting any air or other gasses that may be present in an influent aqueous fluid 
so that said gasses may be released such that said gasses may not enter the 
electrocoagulation device and thus reduce the electrical conductivity of said fluid 
and (2) provide a passive relief valve that may be set for a selected, maximum 
operating pressure such that the safe operating pressure of the 
electrocoagulation device may not be exceeded therefore preventing the release 
of hazardous and/or non-hazardous fluids and/or material to the outside 
environment. Said pressure regulating device shall be connected to a conduit 
that shall return any released fluids to the storage, equalization and/or collection 
tank or vessel containing the fluid before transfer to the electrocoagulation 
device. The two effluent conduits that may or may not extend through the head 
stock of the frame and may or may not be in fluid communication by means of a 
manifold shall connect to the effluent conduit that is in fluid communication with a 
physical, mechanical, and/or organic separation means and shall be connected 
to said separation means through a pressure regulating device such that 
pressure is maintained on the electrocoagulation device such that gasses may 
not evolve as a result of electrolysis until pressure on the fluid is released upon 
entry to the separation device. This is done to (1) keep evolved gasses (0 2 or 
H 2 ) in solution so that they are available for oxidation reduction reactions (2) to 
prevent gas bubbles from reducing the electrical conductivity of the fluid as it 
flows through the electrocoagulation device and (3) allowing the evolved gasses 
to be utilized for flotation clarification upon entry to the dissolved air/gas flotation 
chamber where liquid-liquid and/or liquid-solids separation occurs. When 
dissolved air/gas flotation is used as the separation means, a riser conduit shall 
be connected to the effluent conduit before said pressure regulation device by 
means of a Tee (T) as afore mentioned at the influent riser before entry to the 
electrocoagulation device. Said effluent riser is utilized as (1) a redundant 
passive relief valve that can be set at a selected operating pressure such that the 



safe operating pressure of the electrocoagulation device is not exceeded 
preventing the release of fluids and other materials to the outside environment 
and (2) to accumulate any gasses that may have evolved such that they may be 
released as not to allow large bubbles to enter into the flotation chamber where 
they may disrupt proper flotation mechanics. 

The afore mentioned physical, mechanical separation device, (dissolved 
air/gas flotation chamber) may or may not be substituted with other physical, 
mechanical and/or organic separation means depending on the nature of the 
fluid, the undesirable matter and/or living organisms present therein, and the 
desired goals and objectives of treatment. Said physical, mechanical and/or 
organic separation means are preferably a two phase or three phase decanting 
centrifuge as used for dewatering of biological sludges and separating oil, water 
and solids, a membrane concentration system and/or a membrane bioreactor as 
used for removal of dissolved organic species, hydro cyclones as used for 
separating selected liquids-solids and liquids-liquids from soil slurries and oil field 
drilling fluids, a rotary or belt press as used for dewatering of biological sludges 
and/or a plate and frame filter press as utilized for dewatering of hazardous 
sludges. 

Important features have been broadly presented as to allow a better 
understanding of the detailed description that follows such that those skilled in 
the art may appreciate the unique contributions and engineering concepts of the 
present invention. It shall be understood by those skilled in the art that specific 
methods and structures described herein may be incorporated into differing 
designs that may be used to accomplish the same and/or similar objectives. It 
shall be understood that additional objects, if not set forth specifically herein, will 
be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 



We claim: 



(1) An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and 
organisms in suspension, in solution and/or in a stable state of emulsion in aqueous and 
viscous fluids and sludge comprising: 

> A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and 
hexagonal or rod shaped electrodes in such a way as to form chambers through 
which an aqueous and/or viscous fluid may flow and may or may not come into 
contact with the electrode surfaces and also be exposed to the electromotive force 
present therein; 

> Applying a voltage to said electrodes in such a way as to produce an alternating 
sequence of positive and negative electric potentials and thus introducing a 
continuous flow of electrical current through the aqueous and viscous fluid 
flowing through said chambers; 

> Reacting with undesirable matter and/or organisms present in suspension, in 
solution and/or in a stable state of emulsion in the aqueous and/or viscous fluid 
with material sacrificed from the electrode surfaces and/or the electromotive force 
induced by said applied voltage within the apparatus in such a way as to cause the 
destabilization of colloidal particulates and/or emulsions, the direct chemical 
replacement and precipitation of substances, the co-precipitation of substances 
and/or disrupting the osmotic interchange of fluids through permeable, semi- 
permeable and/or other membrane boundaries of undesirable living organisms 
such as bacteria, viruses and/or cysts therefore causing the implosion or explosion 
of the organisms rendering them harmless to humans, animals, insects, vegetation 
and/or the environment; Question: Polarity reversal? 

> A physical, mechanical and/or organic separation means in fluid communication 
with said apparatus via a conduit with a pressure release valve located at the point 
of entry to the mechanical separation device such that pressure is maintained 
within the apparatus and the conduit such that any evolved gasses shall be 
maintained in solution within the apparatus and the conduit such that said non- 
evolved gases shall be available for oxidation/reduction reactions with 
undesirable matter and/or organisms in solution, in suspension and/or in a stable 
state of emulsion in the aqueous and/or viscous fluid; 

> Said physical, mechanical and /or organic separation means is preferably (1) a 
dissolved air/gas flotation chamber as utilized for aqueous fluids such as water 
and wastewater, (2) a two phase and/or three phase decanting centrifuge as 
utilized for the disinfection (destruction of pathogens) and subsequent dewatering 
of biological sludge, liquefied manure and/or the separation of oil, water and 
solids, (3) a membrane concentration system and/or membrane bioreactor as 
utilized for concentrating and/or elimination of organic substances, (4) hydro 



cyclones as utilized for soil slurries and oilfield drilling fluids, (5) a rotary and/or 
belt press as utilized for dewatering biological sludge and/or (6) a plate and frame 
filter press as utilized for dewatering of hazardous sludge. 

(2) An apparatus and system as recited in claim (1), wherein the hydraulic or 
otherwise screw type mechanical closure pressure on the recessed, gasketed,, non- 
conductive spacer plates with electrodes is greater than the influent pumping 
pressure of the aqueous and/or viscous fluid being pumped through the apparatus 
such that the apparatus contains all fluids and substances within the confines of 
the chambers formed by the recessed, gasketed, non-conductive spacer plates; 

> Question: Do we need to claim slots at alternating ends of electrode plates such 
that a serpentine or sinuous path is followed by the fluid? 

> Question: intermediate electrode plates (w/o change) as voltage separators? 

(3) An apparatus and system as recited in claim (1) wherein the recessed, gasketed, 
non-conductive spacer plates posses integral supports on the edges such that the 
spacer plates with enclosed electrodes shall rest on the side rails of a square or 
rectangular elongated frame and are free to be opened and closed for electrode 
replacement and/or other maintenance of the apparatus; 

(4) An apparatus and system as recited in claim (1) that includes baffled influent and 
baffled effluent chambers and/or plates at one or both ends that may or may not 
be integral with the square or rectangular elongated frame for; <1> the addition of 
chemical reagents and/or flocculants and <2> also provides a means of fluid 
communication to an influent and/or effluent conduit that may or may not be 
within the confines of the gasketed spacer plates for aqueous and/or viscous fluids 
entering or exiting the apparatus. 

(5) An apparatus and/or system as recited in claim (4) wherein the effluent fluid 
conduit is formed by the interconnection of gasketed ports in the recessed, 
gasketed, non-conductive spacer plates. 

(6) An apparatus and/or system as recited in claim (5) (or claim 1-?) wherein the 
means of dispersing the electrical current to the electrodes is accomplished by a 
buss bar that is formed by metallic discs or rods embedded within the confines of 
the recessed, gasketed non-conductive spacer plates in such a way that they 
contact each other and the enclosed electrodes forming a continuous electrical 
conduit when closure pressure is applied to the plurality of spacer plates; 

(7) An apparatus and/or system as recited in claim (6) ( or claim 1) wherein square 
electrodes may be larger than the recessed, gasketed, non-conductive spacer plates 
such that the exposed, square corners of the electrodes may be connected to an 
external, flat buss bar by means of integral, flat clamps that snap onto and off of 
the exposed edges of said electrodes thus providing a less expensive, easily 
maintained configuration that may be used in non-explosive environments; 

(8) An apparatus and system as recited in claim (7) wherein the recessed, gasketed, 
non-conductive spacer plates are in the shape of an offset pentagram, hexagram, 
or octogram such that the square corners of the larger square electrodes may be 
exposed in such a way as to allow a flat buss bar with integral clamps to snap onto 
and off of the exposed corners or edges of the electrodes; 
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Description of the preferred Embodiment 

Referring to FIG. 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, 
plate frame electrocoagulation apparatus 140. An actuated valve 125 is located 
in the interconnecting influent pipe 116 to contain fluids 110 in the collection 
tank 100 when the system is not in operation. Pump 115 is typically a 
centrifugal pump for low viscosity fluids and/or a progressive cavity pump for 
high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the 
interconnecting influent pipe 116 at a higher elevation than the 
electrocoagulation apparatus 140 to collect any undissolved gas that may be 
present in the fluid 110 and venting said gas through pressure regulator valve 
139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical 
conductivity of influent fluids 110 inhibiting treatment. Pressure regulator valve 
139 also provides passive pressure release in the event that unsafe pressures are 
encountered. Influent pressure of the fluid 110 is monitored by the pressure 
sensor 135 which transmits a variable signal proportional to said pressure to the 
controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data 
logging and activating automated devices. Two injection ports 126 are connected 
to the interconnecting influent pipe 116 for the addition of chemical reagents for 



desired oxidation reduction reactions and pressurized air for evacuating fluids 
from the electrocoagulation apparatus 140 when maintenance is required* 
The electrocoagulation apparatus 140 is connected to a power supply 145 
that provides an applied voltage to said apparatus. The applied voltage may be an 
alternating, direct and/or a pulsed current For the purposes of this discussion, the 
applied voltage shall be described as a direct current and voltage applied to the 
terminal connections 128 of the electorcoagulation apparatus 140. As the pressured 
fluid 110 flows through the electrocoagulation apparatus 140 various reactions 
occur as described in our co-pending U.S. Patent application Ser. No. 60/244,615 
and in the forthcoming details. As the pressurized fluids 110 exit the 
electrocoagulation apparatus 140, a preferred but not essential method step is the 
injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 
140 by means of the interconnecting effluent pipe 117 with attached temperature 
sensor 137 which monitors the temperature of the effluent fluids 110 and transmits 
a variable signal proportional to the temperature to the controller 130. The 
interconnecting pipe 117 is connected to an actuated pressure regulator valve 154 by 
raiser pipe 153 such that the elevation of the riser pipe 153 is higher than the 
electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and 
periodically purges said gases from the system to ensure that no undissolved gases 
enter the subsequent separation means 150* The pressure regulator valve 154 also 
provides passive pressure relief in the event that unsafe pressures are encountered. 



Pressure of the effluent pressurized fluid 110 is monitored by the pressure sensor 
136 which transmits a variable signal proportional to said pressure to the controller 
130. The pressurized fluid 110 may enter a variety of physical, mechanical and/or 
organic separation means 150 through pressure regulator valve 152 and pressure on 
the fluid 110 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical 
and/or organic separation means 150. Treated fluid 110 exits the separation means 
150 by means of a fluid conduit or pipe 118 connected to said separation means 150 
by actuated valve 200. Separated materials removed from the fluids 110 are 
collected in a holding vessel 159 for further disposition by a transfer pump 160, 

FIG. 2 and FIG. 3 show four elevated views of the high pressure plate and 
frame electrocoagulation apparatus 140 of the present invention. Together with 
FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to 
those skilled in the art The supporting frame of the preferred apparatus comprises 
a rectangular, solid steel head stock 122 and tail stock 124 welded to two, heavy duty 
rectangular steel tubing side rails 142 perpendicular to said head stock 122 and tail 
stock 124 forming an elongate frame above grade for supporting, positioning and 
holding closure pressure on a plurality of electrocoagulation spacer plates 300 
hereafter refereed to as ES P's (ESP's are defined in the objects of the present 
invention and shall be discussed in detail in the forthcoming text). The ESP's 300 
ride on the top of the side rails 142 of the supporting frame and may be separated or 
opened for accessing internal components and subsequently closed and pressured by 



the hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 
and the push piate 146. The push plate 146 also rides on top of the side rails 142 and 
is held in a perpendicular position by two rollers 148, A spool piece 147 may or may 
not be included to allow for future expansion, different configurations of the 
apparatus and/or incorporation of multiple power supplies by segregating groups of 
ESP's 300. 

The head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two 
side rails 142. Electrical contact terminals 128 are inserted through two ports 311 
near the top of the head stock 122 providing a means for the applied voltage 
supplied by the power supply 145 to contact internal components. The external 
electrical contact utilizes standard explosion proof conduit-junctions that are 
familiar to those skilled in the art Two through wall ports 121 are located near the 
bottom corners of the head stock 122 and are in fluid communication with internal, 
effluent conduits 149 providing a means for fluids 110 to exit the apparatus. 
Although only two effluent ports 121 are shown, more may be utilized determined 
by the application. The two effluent ports 121 are connected to an effluent manifold 
123 which is in fluid communication with the interconnecting effluent pipe 117. 
Effluent temperature sensor 137 and effluent pressure sensor 136 are located in the 
interconnecting effluent pipe 117 to monitor temperature and pressure of the 
pressurized fluid 110 as it exits the apparatus and transmit variable signals 
proportional to the temperature and pressure to the controller 130. The 
interconnecting influent pipe 116 is in fluid communication with the influent feed 



pump 115 (FIG. 1) and incorporates actuated valve 125 used for segregating the 
system from the collection tank 100 and allowing the apparatus to be depressurized 
by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection 
ports 126 for the addition of chemical reagents that may or may not be utilized for 
oxidation reduction and/or other desired reactions, and air for blowing down the 
apparatus to evacuated fluids 110 from the apparatus prior to or during 
depressurization and subsequent opening for inspection and maintenances. A riser 
pipe 138 is connected to the influent interconnecting pipe 116 behind the injection 
ports 126 and before the influent conduit 325 through the head stock 122 providing 
a means of collecting any gases not in solution and purging said gases to the 
collection tank 100 to avoid inclusion of said gases in the influent pressurized fluid 
110 avoiding a reduction of electrical conductivity in the influent fluid 110. Integral 
with the riser pipe 138 are pressure regulator valve 139 and influent pressure sensor 
135 which monitors influent fluid 110 pressure and transmits a variable signal 
proportional to said pressure to the controller 130. Pressure regulator valve 139 
also provides passive pressure relief by receiving a signal from the controller 130 to 
open when a pre-set, limiting pressure is detected thereby avoiding an unsafe 
condition. 

The tail stock 124, like the head stock 122, also provides a support leg for the 
apparatus and a means of welded attachment for the two side rails 142. The tail 
stock 124 also provides a means of supporting the integrally attached hydraulic 
closure mechanism 144 for opening, closing and maintaining pressure on the closed 



stack of ESP's 300. The hydraulic closure mechanism 144 is an air operated closure 
mechanism lockable in the closed position that is capable of maintaining sufficient 
closure pressure to allow influent pumping and operating pressure of the fluid 110 
at 110 psi. Closure pressure is directly correctable to the cross sectional surface 
area of the ESP 300 stack and will vary with the size of the preferred apparatus* All 
hydraulic components and a local control panel 220 are integral with and enclosed 
within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. 
All integral, internal hydraulic components, air headers, pumps, air regulators etc. 
are accessible to the operator through an access door 143 in the tail stock 124. 

FIG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a 
plurality of ESP's shown in a closed position without the supporting frame, and 
FIG. 7 and 17, views of electrodes 141 of the preferred apparatus, the mechanism of 
fluid 110 transport through the apparatus and distribution of the applied voltage 
throughout the apparatus will become apparent 

ELECTROCOAGULATION SPACER PLATES (300), hereafter referred to as 
ESP's, are defined as flat, recessed, gasketed, ported devices constructed of non- 
electrically conductive materials comprising an internal cavity 305 for supporting 
and containing various shaped electrodes 141 within confined boundaries such that 
when a plurality of like devices is stacked together, an internal, elongate cavity 221 
with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of 



ESP's 300 stacked together without a supporting frame or electrodes 141 showing 
the interna] elongate cavity 221 and surrounding parallel conduits 222 within. 
When flat, ported electrodes 141 are enclosed within the recessed boundaries 224 of 
the closed ESP's 300, a plurality of perpendicular chambers 223 is isolated within 
the internal, elongate cavity 221 such that fluids 110 may flow through a path 
dictated by the shape and location of any openings in the flat, enclosed electrodes 
141. In this illustration the preferred shape and location of said openings are 
rectangular ports 226 located at alternating ends therefore dictating a meandering 
or sinuous path. Said ports may be circular, rectangular, etc. and may be located at 
alternating tops and bottoms of electrodes 141, at alternating right and left sides of 
electrodes 141 and/or any combination of said locations as to dictate a meandering 
or sinuous flow pattern and/or a spiral or conical flow pattern. When an applied 
voltage is connected to the terminals 128 of the apparatus and distributed 
throughout the apparatus such that alternating positive (+) and negative (-) electric 
potentials are realized by the enclosed electrodes 141 while fluids 110 are flowing 
through the dictated sinuous path, an electric current flows from electrode 141 to 
electrode 141 and therefore through the pressurized fluid 110 circulating through 
the apparatus. 

The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or 
inserted in the upper, gasketed ports 301 of the ESP's such that when a plurality of 
ESP's 300 are closed and held together said metallic inserts 310 contact each other, 
the power contact 303 of selected electrodes 141, and the electrical terminal contacts 



128 located at the head stock 122, thereby defining a continuous electrical conduit 
(FIG.4/312) and a complete circuit for distribution of electrical power. All ports 

301 & 304 within the body of the ESP's 300 are individually contained by port 
gaskets 302 that are inserted into grooved recesses such as to hold said port gaskets 

302 in place and seal said ports 301 and 304 containing and isolating same from 
fluid intrusion as with upper electrical ports 301 and/or fluid extrusion as with the 
case of the lower fluid ports 304 used for effluent fluid conduits 149 (FIG. 4) formed 
when a plurality of ESP's are closed and held together. A peripheral gasket 307 is 
positioned within a like recessed groove located around the outer perimeter of the 
ESP's 300 thereby containing all internal cavities 305, all gasketed ports used for 
electrical purposes 301, metallic inserts used for electrical conduits 310, all gasketed 
ports used as fluid conduits 304, and pressured fluids 110 within the confines of said 
peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the 
internal recessed boundary support 224 with rectangular recession 306 for location 
of selected electrode power contact 303, is located on only one surface for enclosing 
and positioning of one electrode 141 and/or double recessed FIG. 10 and meaning 
that the ESP's 300 contain internal recessed boundary supports 224 on both 
surfaces for enclosing and positioning of two electrodes 141. A double recessed ESP 
300 may be utilized with one powered electrode 141, using the second recessed 
boundary support 224 to position a non-powered baffle surface creating a longer 
fluid path within the apparatus for (1) increasing the dwell time (reaction time) that 
the fluid 110 being treated is exposed to the electromotive force present within the 



apparatus and (2) increasing the distance between powered electrodes 141 requiring 
a higher applied voltage resulting in increased electrolysis and increased release of 
oxygen (0 2 ) and hydroxyl (OIT) ions available in solution for oxidation reduction 
reactions. When a non-powered baffle plate is incorporated in the second recessed 
boundary support 224 of a double recessed ESP 300, said baffle plate is held in 
position by pins 315, inserted parallel to the outer surface of said baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG. 10). The extended, 
rectangular recession 306 that is integral with the internal recessed boundary 
support 224 for contacting selected electrodes 141 may be located in the right 
position as shown in FIG. 5 or in the left position as show in FIG. 6 to receive the 
electrode power contact 303 of selected electrodes 141. ESP's 300 rest vertically 
within the two side rails 142 of the supporting frame by means of a slotted, integral 
support 308 using the rectangular shaped slot 309 for positioning and alignment on 
the rectangular tubing of said side rails 142. 

FIG. 8 is an isometric and front view of an influent mixing chamber plate 320 
(the isometric view omits integral supports) that may or may not be attached to the 
head stock 122. It is comprised of many like features in that there are two upper 
gasketed ports 301 used to contain metallic inserts 310 and two, lower gasketed 
ports 304 used for fluid transport, but this device does not contain and position any 
electrodes 141. The influent mixing chamber plate 320 has a centrally located 
influent conduit 325 that protrudes through the influent port 151 in the head stock 
122 and is in fluid communication with the interconnecting influent pipe 116 
thereby allowing pressurized fluids 110 to enter the apparatus. It is a hollow 



structure with internal baffles 321 oriented such that the fluid 110 direction is 
reversed when traversing through the chamber, agitating said fluid 110 to mix any 
chemical reagents that may be injected via the injection ports 126 in the 
interconnecting influent pipe 116. There is a rectangular port 322 located at the 
bottom of the back wall 323 to allow the pressurized fluid 110 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 
isolating same from the internal chamber between. The influent mixing chamber 
plate 320 is constructed of non-electrically conductive materials and isolates 
electrical contact with the head stock 122 and side rails 142 like ESP's 300. 

FIG. 9 is an isometric and front view of the effluent mixing chamber plate 
330 (the isometric view is shown without integral supports). It is so named because 
it receives fluid flow through the influent, rectangular port 335 located on the upper 
portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 
331. The lower, gasketed, fluid ports 304 align with like gasketed ports 304 in 
adjacent chambers thereby comprising a continuous fluid conduit 149 (FIG. 4) 
within confined boundaries isolated from the outside environment An injection 
port 127 is located at one side where fluid flow is reversed by one of two internal 
baffles 332 for injection and flash mixing of a flocculent aid and/or chemical 
reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure 
mechanism 144 providing closure pressure for the apparatus. Like the influent 
mixing chamber plate 320, the effluent mixing chamber plate 330 contains no 



electrode 141. Its purpose is to redirect fluid flow to the head stock 122, provide an 
injection means 127 for flocculent and/or chemical reagents and mix same via 
internal baffles 332, provide a means of contact to the push plate 146 and provide a 
means of electrical insulation to the supporting frame. 
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High Pressure Process and Apparatus for the Electrocoagulative treatment 

of Aqueous and Viscous Fluids 

Background of the Invention 

1. Field of the Invention 

The present invention relates to a high pressure method for the treatment of 
aqueous and viscous fluids by means of flowing through a plurality of electrically 
charged electrodes therefore destroying or otherwise rendering harmless any 
undesirable living organisms and allowing any undesirable matter present therein 
to be subsequently removed such that once treated, the fluids may be classified 
as harmless or otherwise acceptable to humans, animals, insects, vegetation and 
the environment. The invention also relates to a plate and frame apparatus 
utilizing recessed, gasketed, non-conductive spacer plates with enclosed, 
exchangeable electrodes of various designs that are suspended on a supporting, 
square, elongate frame in such a way as to allow the spacer plates with 
electrodes to be easily separated or opened to exchange the electrodes or 
perform other maintenance and subsequently closed and pressured utilizing a 
hydraulic or screw type mechanical closure device that shall maintain sufficient 
closure/operating pressure to seal the plurality of said spacer plates with 
enclosed electrodes therefore containing pressured fluids within the confines of 
the plurality of chambers formed therein. The apparatus incorporates influent 
and effluent mixing chambers (containing injection ports for chemical reagents) in 
fluid communication with conduits that may or may not be within the confines of 
said spacer plates and interconnecting influent and effluent piping allowing fluids 
to enter and exit the apparatus. Multiple mechanical separation means in fluid 
communication with the apparatus are used to subsequently separate liquids 
from liquids, liquids from solids and/or for dewatering of the fluid. 

2. Description of the Related Art 

The present invention is directed to improving methods and apparatuses for 
the treatment and/or removal of undesirable matter and/or organisms present in 
solution, in suspension and/or in a stable state of emulsion in aqueous fluids 
such that said methods and apparatuses may process said fluids at increased 
flow rates and also may process said fluids having high viscosities (biological 
sludge, soil slurries, oil field drilling fluids, etc.) in an environmentally safe, 
economical, user friendly, easily manufactured and easily maintained manner. 
Many electrocoagulative treatment methods and apparatuses have been 
described in the literature dating as far back at 1901 , Lacomme. The present 
invention incorporates unique engineering concepts that shall be apparent to 
those skilled in the art. Previous attempts to achieve engineering excellence are 
described in the forthcoming list of prior inventions and patents. 



U.S. Patent No. 3,969,245, 7/1976 issued to Ramirez discloses 
an electorcoagulation method and apparatus utilizing a cylindrical cell with 
concentrically positioned electrodes for electrolitically generating large quantities 
of gas bubbles while simultaneously flowing wastewater through the cell to form 
an embryo floe which subsequently attaches to the gas bubbles to achieve 
clarification by floatation. Ramirez vented the electrocoagulation cell to 
atmosphere to avoid build up of pressure within the cell. Current environmental 
standards dictate that fugitive air emissions are unacceptable and present 
complex permitting issues. Venting to atmosphere also limits applications in 
which an apparatus or process may be implemented due to hazardous materials 
venting to atmosphere and risk of explosion. 

U.S. Patent No. 5,928,493, 7/1999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow conditions 
incorporating an agitated defoam tank utilized for allowing entrained gasses to 
escape prior to entering a settling clarifier. The inclusion of a defoam tank 
increases the overall footprint, adds additional plumbing and mixing components 
and vents off gasses to atmosphere. For the afore mentioned reasons, this is 
unacceptable in many applications. The reactor cell housing with opposed 
grooved sides for retaining the electrode plates also presents problems. 
Because of the spacing of the plates, when fluid velocities reach a critical point 
the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible 
hazardous materials to workers and the environment and the release of off gases 
to the environment. This reactor cell design also depends on "links" which are a 
means of connecting electrical power to the electrodes. These links" must be 
inserted between the closely spaced electrode plates and tightened by means of 
nuts, screws and/or bolts and becomes maintenance intensive when exchanging 
the electrode plates or performing other maintenance. 

German Patent Document DE 3641365 A1, issued to Klose discusses an 
electroflotation device for purification and treatment of polluted water by flowing 
the water over bundles of iron and aluminum electrode plates. Electroflotation is 
described as a combination of chemical and physical actions whereby iron and 
aluminum are sacrificed from the anodes and (as with chemical precipitation), 
utilized as an oxide forflocculation. Electrolytic action between anodes and 
cathodes release oxygen gasses in the form of fine bubbles which enter into 
oxidation reduction reactions with substances in the water causing the 
precipitation of pollutants. Disinfection, metals removal and oil water emulsion 
splitting occurs and contaminants are removed by vacuuming floated material 
from the surface and removing bottom sediments via the sloped bottom of the 
vessel. This device utilizes a rectangular tank, again open to the atmosphere, 
non-pressured and is not applicable to viscous fluids or sludges. 

As illustrated by the background of the invention, attempts to develop 
methods and devices for the removal of contaminants from fluids shall continue 



in the future as in the past. There has been no effort thus far that provides the 
benefits, advantages and unique engineering concepts as the present invention. 
The present invention is considerably unique in comparison to conventional 
engineering concepts and in doing so offers a means of causing undesirable 
matter to precipitate or co-precipitate from suspension and/or solution, the 
destabilization of suspended colloidal material, the destabilization of emulsions, 
and the disruption of undesirable living organisms utilizing distinctively unique 
recessed, gasketed, non-conductive spacer plates to enclose and hold in a place 
a variety of shaped electrodes while containing all fluids, electrical conduits and 
fluid conduits made up of interconnecting ports sealed by gaskets and capable of 
operating at high pressures such that viscous fluids may be pumped through the 
apparatus. Additionally, the uniqueness of the apparatus contains integral mixing 
chambers and supporting frame utilizing a hydraulic mechanical closure means 
allowing ease of maintenance, cleaning, and operator safety. 



Summary of the Invention 



The present invention relates to an apparatus and method for treating 
aqueous and viscous fluids at high pressures comprising: a pump for transferring 
various fluids through an electrocoagulation device, a high pressure plate and 
frame electrocoagulation device, an effluent conduit in fluid communication with 
the electrocoagulation device incorporating a pressure regulation device and a 
physical, mechanical, and/or organic separation means connected to said 
effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be released through 
the physical, mechanical and/or organic separation means. 

The high pressure plate and frame electrocoagulation device of the 
present invention consists of a plurality of recessed, gasketed, non-electrically 
conductive spacer plates hereafter referred to as spacer plates with integral 
supports on the edges that contain various shaped electrodes within the 
recessed boundaries of the spacer plates. The integral supports on the edges of 
the spacer plates rest on the side rails of a square or rectangular, elongate frame 
that is supported above grade by legs such that the spacer plate stack is 
arranged in a horizontal orientation. This in no way implies that the spacer plate 
stack cannot be oriented in a vertical direction and in many applications it is 
favorable to orient the spacer plate stack in a vertical direction. The electrodes 
may or may not be made of sacrificial material including iron or aluminum such 
that the electrode material will be sacrificed at the anodes in accordance with 
Faraday's Law when a voltage is applied to said electrodes. However, it may be 
beneficial to make the electrodes of a non-sacrificial material and/or coating said 
electrodes with a non-sacrificial material when the desired effect is oxidation and 
reduction or organism/organic destruction by the electromotive force present 
within the device. Said electrodes may or may not be constructed such that they 
are slotted, perforated, pierced, crimped and/or be constructed of a porous, 
permeable or semi-permeable material. The afore mentioned spacer plates may 
or may not be constructed such that gasketed ports will align with each other 
when a plurality of spacer plates are closed against each other and pressed 
together such that the gasketed ports shall be interconnected forming conduits 
for fluid flow within the confines of an outer gasket located near the peripheral 
edge of the spacer plates. The peripheral gasket of the spacer plates contains 
all fluids, conduits and electrodes such that when closing/operating pressure is 
applied by a hydraulic mechanical closure means the system is totally isolated 
from the outside environment The spacer plates also include highly electrically 
conductive metallic discs, rods, and/or inserts that may be embedded in the 
spacer plates or inserted through gasketed ports through the spacer plates such 
that when a plurality of said spacer plates are pressed together under 
closing/operating pressure they shall form electrical conduits by interconnecting 
with each other to distribute an applied voltage throughout the device and contact 
selected enclosed electrodes. Said electrical conduits are within the confines of 
the afore mentioned peripheral gasket such that upon closure of the spacer 
plates said electrical conduits are totally isolated from the outside environment. 
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The electrocoagulation device includes baffled influent and effluent mixing 
chambers at each end of the spacer plate stack for the addition and mixing of 
chemical reagents and/or flocculants and also provide a means of fluid 
communication between fluid conduits formed within the apparatus by the 
interconnecting ports and cavities of the spacer plates and the interconnecting 
piping allowing fluids to enter and exit the device. This arrangement allows for 
influent and effluent plumbing to be located on one end of the device and also 
allows for the hydraulic mechanical closure means to be located on the opposite 
end of the device so that closing/operating pressure may be applied to the 
spacer plate stack. Said closing/operating pressure shall be greater than the 
influent pumping pressure such that closure is maintained on the plate stack 
containing all fluids within the confines of the peripheral gasket of the spacer 
plates totally isolating all fluids and internal components from the outside 
environment. The influent mixing chamber may or may not be connected 
through the head stock of the supporting frame such that it is in fluid 
communication with a riser pipe connected by a tee (T). Said riser pipe shall be 
of higher elevation than the spacer plate stack and shall terminate by means of a 
pressure regulating device for the purpose of (1 ) collecting gasses that may be 
present in an influent fluid so that said gasses may be released preventing said 
gasses from entering the electrocoagulation device and thus reducing the 
electrical conductivity of said fluid and (2) providing a passive relief valve that 
may be set for a selected, maximum operating pressure such that the safe 
operating pressure of the electrocoagulation device may not be exceeded 
therefore preventing the release of hazardous and/or non-hazardous fluids 
and/or material to the outside environment. Said pressure regulating device shall 
be connected to a conduit that shall return any released fluids to the storage, 
equalization and/or collection tank or vessel containing the fluid before transfer to 
the electrocoagulation device. The two effluent conduits that may or may not 
extend through the head stock of the frame and may or may not be in fluid 
communication by means of a manifold shall connect to the interconnecting 
effluent pipe that is in fluid communication with a physical, mechanical, and/or 
organic separation means and shall be connected to said separation means 
through a pressure regulating device that maintains pressure on the 
electrocoagulation device such that gasses may not evolve as a result of 
electrolysis until pressure on the fluid is released upon entry to the separation 
device. This is done to (1 ) keep evolved gasses (0 2 or H 2 ) in solution so that 
they are available for oxidation reduction reactions (2) to prevent gas bubbles 
from reducing the electrical conductivity of the fluid as it flows through the 
electrocoagulation device and (3) allowing the evolved gasses to be utilized for 
flotation clarification upon entry to the dissolved air/gas flotation chamber where 
liquid-liquid and/or liquid-solids separation occurs. When dissolved air/gas 
flotation is used as the separation means, a riser conduit shall be connected to 
the effluent conduit before said pressure regulation device by means of a Tee (T) 
as afore mentioned at the influent riser before entry to the electrocoagulation 
device. Said effluent riser is utilized as (1 ) a redundant passive relief valve that 
can be set at a selected operating pressure such that the safe operating pressure 
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of the electrocoagulation device is not exceeded preventing the release of fluids 
and other materials to the outside environment and (2) to accumulate any gasses 
that may have evolved such that they may be released as not to allow large 
bubbles to enter into the flotation chamber where they may disrupt proper 
flotation mechanics. 

The afore mentioned physical, mechanical separation device, (dissolved 
air/gas flotation chamber) may or may not be substituted with other physical, 
mechanical and/or organic separation means depending on the nature of the 
fluid, the undesirable matter and/or living organisms present therein, and the 
desired goals and objectives of treatment. Said physical, mechanical and/or 
organic separation means are preferably a two phase or three phase decanting 
centrifuge as used for dewatering of biological sludges and separating oil, water 
and solids, a membrane concentration system and/or a membrane bioreactor as 
used for removal of dissolved organic species, hydro cyclones as used for 
separating selected liquids-solids and liquids-liquids from soil slurries and oil field 
drilling fluids, a rotary or belt press as used for dewatering of biological sludges 
and/or a plate and frame filter press as utilized for dewatering of hazardous 
sludges. 

Important features have been broadly presented as to allow a better 
understanding of the detailed description that follows such that those skilled in 
the art may appreciate the unique contributions and engineering concepts of the 
present invention. It shall be understood by those skilled in the art that specific 
methods and structures described herein may be incorporated into differing 
designs that may be used to accomplish the same and/or similar objectives. It 
shall be understood that additional objects, if not set forth specifically herein, will 
be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 
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ABSTRACT 



The present invention introduces method and apparatus comprising an improved design 
for the high pressure electrocoagulative treatment of aqueous and viscous fluids and 
sludge. The apparatus is configured as a plate and frame design utilizing hydraulic or 
screw type mechanical closure on a plurality of recessed, gasketed, non-electrically 
conductive electrocoagulation spacer plates, hereafter referred to as spacer plates, that 
completely enclose and isolate all fluids, electrical contacts, and electrodes within the 
confines of the apparatus. The spacer plates include integral supports on their edges that 
position and support said spacer plates with enclosed electrodes on top of the side rails of 
the supporting frame of the apparatus allowing said spacer plates to be separated for 
electrode replacement and maintenance and conversely closed, pressured and put into 
service. The apparatus also includes a baffled influent and effluent chamber at both ends 
for the addition and flash mixing of chemical reagents and/or flocculants and that provide 
a means of fluid communication between fluid conduits and chambers formed within the 
apparatus by the interconnection of gasketed ports and cavities located in the spacer 
plates and external conduits thus allowing fluids to enter and exit the apparatus. Various 
physical, mechanical and/or organic separation means are utilized determined by influent 
fluid characteristics and the desired goals and objectives of treatment. 
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Brief Description of the Drawings: 

The preceding features and objects of the present invention and additional objects 
not listed herein may be clearly understood by those skilled in the art from the detailed 
description which follows and the drawings in which: 

FIG. 1 is a schematic, block flow diagram of the electrocoagulation method of the 
present invention. 

FIG. 2 is four elevated views of the preferred apparatus of the present invention 
FIG. 3 is a horizontal cross section of the side view of the preferred apparatus of 
the present invention. 

FIG. 4 is a front and side view of a right single recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 5 is a front and side view of a left single recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 6 is a view of an electrode of the preferred apparatus. 
FIG. 7 is an isometric and front view of the influent mixing chamber/plate of the 
preferred apparatus. 

FIG. 8 is an isometric and front view of the effluent mixing chamber/plate of the 
preferred apparatus. 

FIG. 9 is a front and side view of a right double recessed electrocoagulation 
spacer plate of the preferred apparatus. 

FIG. 10 is front and side view of a left double recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 11 is a horizontal cross section of three, single recessed electrocoagulation 
spacer plates through the line A- A' of FIG. 4 when said spacer plates are closed and held 
together with pressure. 

FIG. 12 is a horizontal cross section of three, double recessed electrocoagulation 
spacer plates through the line B-B* of FIG. 9 when said spacer plates are closed and held 
) together with pressure. 

FIG. 13 is an isometric view of a plurality of electrocoagulation spacer plates of 
the preferred apparatus shown in a closed position without the supporting frame. 

FIG. 14 is an isometric view of an external electrical buss bar attachment of the 
preferred apparatus. 

FIG. 15 is a front and side view of an offset hexagonal electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 16 is a view of an offset, hexagonal electrode of the preferred apparatus. 




We claim: 



(1) An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and 
organisms in suspension, in solution and/or in a stable state of emulsion in aqueous and 
viscous fluids and sludge comprising: 

> A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and 
hexagonal or rod shaped electrodes in such a way as to form chambers through 
which an aqueous and/or viscous fluid may flow and may or may not come into 
contact with the electrode surfaces and also be exposed to the electromotive force 
present therein; 

> Applying a voltage to said electrodes in such a way on said electrodes to produce 
an alternating sequence of positive and negative electric potentials and thus 
causing a continuous flow of electrical current through the aqueous and viscous 
fluid flowing through said chambers; 

> Reacting with undesirable matter and/or organisms present in suspension, in 
solution and/or in a stable state of emulsion in the aqueous and/or viscous fluid 
with material sacrificed from the electrode surfaces and/or the electromotive force 
produced by said applied voltage within the apparatus in such a way as to cause 
the destabilization of colloidal particulates and/or emulsions, the direct chemical 
replacement and precipitation of substances, the co-precipitation of substances 
and/or disrupting the osmotic interchange of fluids through permeable, semi- 
permeable and/or other membrane boundaries of undesirable living organisms 
such as bacteria, viruses and/or cysts therefore causing the implosion or explosion 
of said organisms rendering them harmless to humans, animals, insects, 
vegetation and/or the environment; 

> A physical, mechanical and/or organic separation means in fluid communication 
with said apparatus via a conduit with a pressure release valve located at the point 
of entry to the said separation device such that pressure is maintained within the 
apparatus and the conduit such that any evolved gasses shall be maintained in 
solution within the apparatus and the conduit such that said non-evolved gases 
shall be available for oxidation/reduction reactions with matter and/or organisms 
in solution, in suspension and/or in a stable state of emulsion in the aqueous 
and/or viscous fluid; 

> Said physical, mechanical and /or organic separation means is preferably (1) a 
dissolved air/gas flotation chamber as utilized for aqueous fluids such as water 
and wastewater, (2) a two phase and/or three phase decanting centrifuge as 
utilized for the disinfection (destruction of pathogens) and subsequent dewatering 
of biological sludge, liquefied manure and/or the separation of oil, water and 
solids, (3) a membrane concentration system and/or membrane bioreactor as 
utilized for concentrating and/or elimination of organic substances, (4) hydro 
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cyclones as utilized for soil slurries and oilfield drilling fluids, (5) a rotary and/or 
belt press as utilized for dewatering biological sludge and/or (6) a plate and frame 
filter press as utilized for dewatering of hazardous sludge. 

(2) An apparatus and system as recited in claim (1), wherein the hydraulic or 
otherwise screw type mechanical closure pressure on the recessed, gasketed,, non- 
conductive spacer plates with electrodes is greater than the influent pumping 
pressure of the aqueous and/or viscous fluid being pumped through the apparatus 
such that the apparatus contains all fluids and substances within the confines of 
the chambers formed by the recessed, gasketed, non-conductive spacer plates; 

> Question : Do we need to claim slots at alternating ends of electrode plates such 
that a serpentine or sinuous path is followed by the fluid? 

(3) An apparatus and system as recited in claim (1) wherein the recessed, gasketed, 
non-conductive spacer plates posses integral supports on the edges such that the 
spacer plates with enclosed electrodes shall rest on the side rails of a square or 
rectangular elongated frame and are free to be opened and closed for electrode 
replacement and/or other maintenance of the apparatus; 

(4) An apparatus and system as recited in claim (1) that includes baffled influent and 
baffled effluent chambers and/or plates at both ends that may or may not be 
integral with the square or rectangular elongated frame for; <i> the addition and 
flash mixing of chemical reagents and/or flocculants and <2> also provides a 
means of fluid communication to an influent and/or effluent conduit that may or 
may not be within the confines of the gasketed spacer plates for aqueous and/or 
viscous fluids entering or exiting the apparatus. 

(5) An apparatus and/or system as recited in claim (4) wherein the effluent fluid 
conduit is formed by the interconnection of gasketed ports in the recessed, 
gasketed, non-conductive spacer plates. 

(6) An apparatus and/or system as recited in claim (5) (or claim 1 -?) wherein the 
means of dispersing the electrical current to the electrodes and throughout the 
apparatus is accomplished by an internal electrical conduit that is formed by 
metallic inserts embedded within the confines or inserted thru gasketed ports of 
the recessed, gasketed non-conductive spacer plates in such a way that they 
contact each other and the enclosed electrodes forming a continuous electrical 
conduit when closure pressure is applied to a plurality of spacer plates with 
enclosed electrodes; 

(7) An apparatus and/or system as recited in claim (6) ( or claim 1) wherein offset, 
hexagonal electrodes may be larger than the recessed, gasketed, non-conductive 
spacer plates such that the exposed, edges of the electrodes may be connected to 
an external, flat buss bar by means of integral, flat clamps that snaps onto and off 
of the exposed edges of said electrodes thus providing a less expensive, easily 
maintained configuration that may be used in non-explosive environments; 

(8) An apparatus and system as recited in claim (7) wherein the recessed, gasketed, 
non-conductive spacer plates are in the shape of an offset pentagram and/or 
hexagram, such that the edges of the larger electrodes may be exposed in such a 
way as to allow a flat buss bar with integral clamps to snap onto and off of the 
exposed corners or edges of the electrodes. 
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(9) An electrocoagulation spacer plate hereby defined as a recessed, gasketed, non- 
electrically conductive, usually square or offset hexagonally shaped plate of 
sufficient thickness that may (1) contain a variety of shaped electrodes within a 
recessed boundary such as to hold and position said electrodes in a specific 
orientation, (2) contains multiple, integral, gasketed ports that shall align with like 
gasketed ports in adjacent spacer plates on either side forming internal fluid 
conduits perpendicular to the vertical axis of said spacer plate when a plurality of 
said spacer plates are closed and held together, (3) contains multiple, integral, 
gasketed ports that shall align with like gasketed ports in adjacent spacer plates on 
either side containing metallic inserts embedded or inserted in said ports, that 
shall contact other said metallic inserts and/or enclosed electrodes therein forming 
a continuous electrical conduit perpendicular to the vertical axis of said spacer 
plate when a plurality of said spacer plates are closed and held together and (4) 
contains a peripheral gasket near the outer perimeter of said spacer plate that 
surrounds and contains all enclosed electrodes and all enclosed, gasketed fluid 
and electrical conduits within the confines of said spacer plate when a plurality of 
said spacer plates are closed and held together therefore isolating said electrodes, 
fluid conduits, electrical conduits, fluids and other matter and substances from the 
outside environment. Said electrocoagulation spacer plates may or may not be 
recessed and gasketed on one and/or both sides and have slotted, positioning 
supports integral to the edges that rest on the side rails of a square and/or 
rectangular, elongated frame. 
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Description of the Preferred Embodiment 

Referring to FIG* 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, 
plate frame electrocoagulation apparatus 140. An actuated valve 125 is located 
in the interconnecting influent pipe 116 to contain fluids 110 in the collection 
tank 100 when the system is not in operation. Pump 115 is typically a 
centrifugal pump for low viscosity fluids and/or a progressive cavity pump for 
high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the 
interconnecting influent pipe 116 at a higher elevation than the 
electrocoagulation apparatus 140 to collect any undissolved gas that may be 
present in the fluid 110 and venting said gas through pressure regulator valve 
139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical 
conductivity of influent fluids 110 inhibiting treatment Pressure regulator valve 
139 also provides passive pressure release in the event that unsafe pressures are 
encountered. Influent pressure of the fluid 110 is monitored by the pressure 
sensor 135 which transmits a variable signal proportional to said pressure to the 
controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data 
logging and activating automated devices. Two injection ports 126 are connected 
to the interconnecting influent pipe 116 for the addition of chemical reagents for 



desired oxidation reduction reactions and pressurized air for evacuating fluids 
from the electrocoagulation apparatus 140 when maintenance is required. 
The electrocoagulation apparatus 140 is connected to a power supply 145 
that provides an applied voltage to said apparatus. The applied voltage may be an 
alternating, direct and/or a pulsed current For the purposes of this discussion, the 
applied voltage shall be described as a direct current and voltage applied to the 
terminal connections 128 of the electorcoagulation apparatus 140. As the pressured 
fluid 110 flows through the electrocoagulation apparatus 140 various reactions 
occur as described in our co-pending U.S. Patent application Ser. No. 60/244,615 
and in the forthcoming details. As the pressurized fluids 110 exit the 
electrocoagulation apparatus 140, a preferred but not essential method step is the 
injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 
140 by means of the interconnecting effluent pipe 117 with attached temperature 
sensor 137 which monitors the temperature of the effluent fluids 110 and transmits 
a variable signal proportional to the temperature to the controller 130. The 
interconnecting pipe 117 is connected to an actuated pressure regulator valve 154 by 
raiser pipe 153 such that the elevation of the riser pipe 153 is higher than the 
electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and 
periodically purges said gases from the system to ensure that no undissolved gases 
enter the subsequent separation means 150. The pressure regulator valve 154 also 
provides passive pressure relief in the event that unsafe pressures are encountered. 



Pressure of the effluent pressurized fluid 110 is monitored by the pressure sensor 
136 which transmits a variable signal proportional to said pressure to the controller 
130, The pressurized fluid 110 may enter a variety of physical, mechanical and/or 
organic separation means 150 through pressure regulator valve 152 and pressure on 
the fluid 110 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical 
' and/or organic separation means 150. Treated fluid 110 exits the separation means 
150 by means of a fluid conduit or pipe 118 connected to said separation means 150 
by actuated valve 200. Separated materials removed from the fluids 110 are 
collected in a holding vessel 159 for further disposition by a transfer pump 160. 

FIG. 2 and FIG. 3 show four elevated views of the high pressure plate and 
frame electrocoagulation apparatus 140 of the present invention. Together with 
FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to 
those skilled in the art The supporting frame of the preferred apparatus comprises 
a rectangular, solid steel head stock 122 and tail stock 124 welded to two, heavy duty 
rectangular steel tubing side rails 142 perpendicular to said head stock 122 and tail 
stock 124 forming an elongate frame above grade for supporting, positioning and 
holding closure pressure on a plurality of electrocoagulation spacer plates 300 
hereafter refereed to as ES P's (ESP's are defined in the objects of the present 
invention and shall be discussed in detail in the forthcoming text). The ESP's 300 
ride on the top of the side rails 142 of the supporting frame and may be separated or 
opened for accessing internal components and subsequently closed and pressured by 



the hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 
and the push plate 146. The push plate 146 also rides on top of the side rails 142 and 
is held in a perpendicular position by two rollers 148. A spool piece 147 may or may 
not be included to allow for future expansion, different configurations of the 
apparatus and/or incorporation of multiple power supplies by segregating groups of 
ESP's 300. 

The head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two 
side rails 142. Electrical contact terminals 128 are inserted through two ports 311 
near the top of the head stock 122 providing a means for the applied voltage 
supplied by the power supply 145 to contact internal components. The external 
electrical contact utilizes standard explosion proof conduit-junctions that are 
familiar to those skilled in the art. Two through wall ports 121 are located near the 
bottom corners of the head stock 122 and are in fluid communication with internal, 
effluent conduits 149 providing a means for fluids 110 to exit the apparatus. 
Although only two effluent ports 121 are shown, more may be utilized determined 
by the application. The two effluent ports 121 are connected to an effluent manifold 
123 which is in fluid communication with the interconnecting effluent pipe 117. 
Effluent temperature sensor 137 and effluent pressure sensor 136 are located in the 
interconnecting effluent pipe 117 to monitor temperature and pressure of the 
pressurized fluid 110 as it exits the apparatus and transmit variable signals 
proportional to the temperature and pressure to the controller 130. The 
interconnecting influent pipe 116 is in fluid communication with the influent feed 



pump 115 (FIG. 1) and incorporates actuated valve 125 used for segregating the 
system from the collection tank 100 and allowing the apparatus to be depressurized 
by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection 
ports 126 for the addition of chemical reagents that may or may not be utilized for 
oxidation reduction and/or other desired reactions, and air for blowing down the 
apparatus to evacuated fluids 110 from the apparatus prior to or during 
depressurization and subsequent opening for inspection and maintenances. A riser 
pipe 138 is connected to the influent interconnecting pipe 116 behind the injection 
ports 126 and before the influent conduit 325 through the head stock 122 providing 
a means of collecting any gases not in solution and purging said gases to the 
collection tank 100 to avoid inclusion of said gases in the influent pressurized fluid 
110 avoiding a reduction of electrical conductivity in the influent fluid 110. Integral 
with the riser pipe 138 are pressure regulator valve 139 and influent pressure sensor 
135 which monitors influent fluid 110 pressure and transmits a variable signal 
proportional to said pressure to the controller 130. Pressure regulator valve 139 
also provides passive pressure relief by receiving a signal from the controller 130 to 
open when a pre-set, limiting pressure is detected thereby avoiding an unsafe 
condition. 

The tail stock 124, like the head stock 122, also provides a support leg for the 
apparatus and a means of welded attachment for the two side rails 142. The tail 
stock 124 also provides a means of supporting the integrally attached hydraulic 
closure mechanism 144 for opening, closing and maintaining pressure on the closed 



stack of ESP's 300, The hydraulic closure mechanism 144 is an air operated closure 
mechanism tockable in the closed position that is capable of maintaining sufficient 
closure pressure to allow influent pumping and operating pressure of the fluid 110 
at 110 psi. Closure pressure is directly correctable to the cross sectional surface 
area of the ESP 300 stack and will vary with the size of the preferred apparatus. All 
hydraulic components and a local control panel 220 are integral with and enclosed 
within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. 
All integral, internal hydraulic components, air headers, pumps, air regulators etc. 
are accessible to the operator through an access door 143 in the tail stock 124, 

FIG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a 
plurality of ESP's shown in a closed position without the supporting frame, and 
FIG. 7 and 17, views of electrodes 141 of the preferred apparatus, the mechanism of 
fluid 110 transport through the apparatus and distribution of the applied voltage 
throughout the apparatus will become apparent 

ELECTROCOAGULATION SPACER PLATES (300), hereafter referred to as 
ESP's, are defined as flat, recessed, gasketed, ported devices constructed of non- 
electrically conductive materials comprising an internal cavity 305 for supporting 
and containing various shaped electrodes 141 within confined boundaries such that 
when a plurality of like devices is stacked together, an internal, elongate cavity 221 
with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of 



ESP's 300 stacked together without a supporting frame or electrodes 141 showing 
the internal elongate cavity 221 and surrounding parallel conduits 222 within. 
When flat, ported electrodes 141 are enclosed within the recessed boundaries 224 of 
the closed ESP's 300, a plurality of perpendicular chambers 223 is isolated within 
the internal, elongate cavity 221 such that fluids 110 may flow through a path 
dictated by the shape and location of any openings in the flat, enclosed electrodes 
141. In this illustration the preferred shape and location of said openings are 
rectangular ports 226 located at alternating ends therefore dictating a meandering 
or sinuous path. Said ports may be circular, rectangular, etc, and may be located at 
alternating tops and bottoms of electrodes 141, at alternating right and left sides of 
electrodes 141 and/or any combination of said locations as to dictate a meandering 
or sinuous flow pattern and/or a spiral or conical flow pattern. When an applied 
voltage is connected to the terminals 128 of the apparatus and distributed 
throughout the apparatus such that alternating positive (+) and negative (-) electric 
potentials are realized by the enclosed electrodes 141 while fluids 110 are flowing 
through the dictated sinuous path, an electric current flows from electrode 141 to 
electrode 141 and therefore through the pressurized fluid 110 circulating through 
the apparatus. 

The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or 
inserted in the upper, gasketed ports 301 of the ESP's such that when a plurality of 
ESP's 300 are closed and held together said metallic inserts 310 contact each other, 
the power contact 303 of selected electrodes 141, and the electrical terminal contacts 



128 located at the bead stock 122, thereby defining a continuous electrical conduit 
(FIG.4/312) and a complete circuit for distribution of electrical power. All ports 

301 & 304 within the body of the ESP's 300 are individually contained by port 
gaskets 302 that are inserted into grooved recesses such as to hold said port gaskets 

302 in place and seal said ports 301 and 304 containing and isolating same from 
fluid intrusion as with upper electrical ports 301 and/or fluid extrusion as with the 
case of the lower fluid ports 304 used for effluent fluid conduits 149 (FIG. 4) formed 
when a plurality of ESP's are closed and held together. A peripheral gasket 307 is 
positioned within a like recessed groove located around the outer perimeter of the 
ESP's 300 thereby containing all internal cavities 305, all gasketed ports used for 
electrical purposes 301, metallic inserts used for electrical conduits 310, all gasketed 
ports used as fluid conduits 304, and pressured fluids 110 within the confines of said 
peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the 
internal recessed boundary support 224 with rectangular recession 306 for location 
of selected electrode power contact 303, is located on only one surface for enclosing 
and positioning of one electrode 141 and/or double recessed FIG. 10 and meaning 
that the ESP's 300 contain internal recessed boundary supports 224 on both 
surfaces for enclosing and positioning of two electrodes 141. A double recessed ESP 
300 may be utilized with one powered electrode 141, using the second recessed 
boundary support 224 to position a non-powered baffle surface creating a longer 
fluid path within the apparatus for (1) increasing the dwell time (reaction time) that 
the fluid 110 being treated is exposed to the electromotive force present within the 



apparatus and (2) increasing the distance between powered electrodes 141 requiring 
a higher applied voltage resulting in increased electrolysis and increased release of 
oxygen (0 2 ) and hydroxy! (OIT) ions available in solution for oxidation reduction 
reactions* When a non-powered baffle plate is incorporated in the second recessed 
boundary support 224 of a double recessed ESP 300, said baffle plate is held in 
position by pins 315, inserted parallel to the outer surface of said baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG, 10). The extended, 
rectangular recession 306 that is integral with the internal recessed boundary 
support 224 for contacting selected electrodes 141 may be located in the right 
position as shown in FIG. 5 or in the left position as show in FIG. 6 to receive the 
electrode power contact 303 of selected electrodes 141. ESP's 300 rest vertically 
within the two side rails 142 of the supporting frame by means of a slotted, integral 
support 308 using the rectangular shaped slot 309 for positioning and alignment on 
the rectangular tubing of said side rails 142. 

FIG. 8 is an isometric and front view of an influent mixing chamber plate 320 
(the isometric view omits integral supports) that may or may not be attached to the 
head stock 122. It is comprised of many like features in that there are two upper 
gasketed ports 301 used to contain metallic inserts 310 and two, lower gasketed 
ports 304 used for fluid transport, but this device does not contain and position any 
electrodes 141. The influent mixing chamber plate 320 has a centrally located 
influent conduit 325 that protrudes through the influent port 151 in the head stock 
122 and is in fluid communication with the interconnecting influent pipe 116 
thereby allowing pressurized fluids 110 to enter the apparatus. It is a hollow 



structure with internal baffles 321 oriented such that the fluid 110 direction is 
reversed when traversing through the chamber, agitating said fluid 110 to mix any 
chemical reagents that may be injected via the injection ports 126 in the 
interconnecting influent pipe 116. There is a rectangular port 322 located at the 
bottom of the back wall 323 to allow the pressurized fluid 110 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 
isolating same from the internal chamber between. The influent mixing chamber 
plate 320 is constructed of non-electrically conductive materials and isolates 
electrical contact with the head stock 122 and side rails 142 like ESP's 300. 

FIG. 9 is an isometric and front view of the effluent mixing chamber plate 
330 (the isometric view is shown without integral supports). It is so named because 
it receives fluid flow through the influent, rectangular port 335 located on the upper 
portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 
331. The lower, gasketed, fluid ports 304 align with like gasketed ports 304 in 
adjacent chambers thereby comprising a continuous fluid conduit 149 (FIG. 4) 
within confined boundaries isolated from the outside environment An injection 
port 127 is located at one side where fluid flow is reversed by one of two internal 
baffles 332 for injection and flash mixing of a flocculent aid and/or chemical 
reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure 
mechanism 144 providing closure pressure for the apparatus. Like the influent 
mixing chamber plate 320, the effluent mixing chamber plate 330 contains no 



electrode 141, Its purpose is to redirect fluid flow to the head stock 122, provide an 
injection means 127 for flocculent and/or chemical reagents and mix same via 
internal baffles 332, provide a means of contact to the push plate 146 and provide a 
means of electrical insulation to the supporting frame. 



Therefore it is an object of the present invention to provide a new and improved 
electrocoagulation method and apparatus for the high pressure treatment of aqueous 
and/or viscous fluids while containing all fluids, fluid conduits, and electrical conduits 
within the boundaries of said apparatus isolating said fluids and conduits from the outside 
environment. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that is easily manufactured with a 
means of easily accessing internal and external components for electrode replacement 
and other maintenance. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that incorporates best engineering 
practices thus establishing process and equipment confidence and acceptability for access 
to a variety of applications, markets and environments. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus incorporating a plate and frame design 
construction that is easily manufactured and easily maintained. 

It is another object of the present invention to provide a new and improved 
electrocoagulation spacer plate design that (1) is constructed of a non-electrically 
conductive material and shall contain various shaped electrodes within a recessed 
boundary such as to hold and position said electrodes in a specific orientation (2) contains 
integral, gasketed ports that shall align with like gasketed ports in adjacent spacer plates 
forming internal fluid conduits when a plurality of said spacer plates are closed and held 
together (3) contains integral, gasketed ports that shall align with like gasketed ports in 
adjacent spacer plates such that when metallic inserts are embedded or inserted in said 
ports, said metallic inserts shall form an internal electrical conduit when a plurality of 
said spacer plates are closed and held together and (4) contains a peripheral gasket near 
the outer perimeter of said spacer plates such that when a plurality of said spacer plates 
are closed and held together said peripheral gasket surrounds and contains all enclosed 
electrodes, all enclosed, gasketed fluid and electrical conduits and all fluids therefore 
containing and isolating same from the outside environment. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation apparatus comprising an elongated, square, rectangular frame 
for supporting a plurality of spacer plates with enclosed electrodes and conduits having 
an integral hydraulic means for applying and releasing closure pressure on said plurality 
of spacer plates allowing the apparatus to be easily opened for maintenance and 
subsequently, easily closed with sufficient pressure to ensure containment and isolation 
of all fluids and conduits within the confines of the apparatus. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus to provide an influent and effluent 
chamber for reagent mixing and directing fluid flow to allow all plumbing to be located 
at one end of the apparatus and to allow said hydraulic/ mechanical closure means to be 
located at the opposite end of the apparatus. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that provides a variety of physical, 
mechanical and/or organic separation means to subsequently remove materials, said 
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separating means shall be determined by the application, influent characteristics and 
goals of treatment. 

It is another object of the present invention to provide an alternate, less expensive 
electrocoagulation apparatus comprising an external electrical conduit with integral 
attachment means for attachment to the electrodes for applications in a non-hazardous 
environment (ie. non-explosion proof). 

It is another objective of the present invention to provide an alternate, less 
expensive electrocoagulation apparatus comprising external fluid conduits in fluid 
communication with the influent and effluent mixing chambers of the apparatus via an 
external manifold. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation apparatus that incorporates the four mechanisms of 
disinfection and in so doing satisfies the requirements of a process to further reduce 
pathogens (PFRP). 
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Assignee: Ecolotron, Inc. 
Background of the Invention 

Field of the Invention 

fOOW^The present invention relates to a high pressure method and apparatus for the treatment of 
10 aqueous aad-or viscous fluids by m e ans of flowing through a plurality of e lectrically charged 
el e ctrodes th e r e fore to destroying or otherwise rendering harmless a»y undesirable living 
organisms in the fluids. A method and apparatus for removal of and allowing any undesirable 
matter pr e s e nt therein to be subsequen tly removed such that onoe t o treate dment is included.r -the 
fluids may b e classified as harml e ss or oth e rwis e acceptable to humans, animals, ins e cts, 
15 vegetation and th e environment . Th e inv e ntion also relates to a plat e and frame apparatus 
utilizing recess e d, gasketed, non conductiv e spac e r plates with e nclosed, exchangeable 
electrodes of various designs that ar e su s p e nd e d on a supporting, squar e , elongat e frame in such 
a way as to allow the spacer plates with e l e otrodos to be e asily separated or op e ned to e xchange 
the electrodes or perform other maintenanc e and subsequently clo s ed and pr es sured utilizing a 
20 hydraulic — of — screw — type — m e chanical — closure — devic e that — shall maintain — suffici e nt 
closur e /operating pres s ur e to seal the plurality of said spacer plat e s with enclosed el e ctrodes 



therefore containing pressur e d fluids within the confines of th e plurality of chambers formed 
therein. The ap pa ratus incorporates influent and effluent mixing chambers (containing injection 
ports for chemical reag e nts) in fluid communication with conduits that may or may not b e within 
th e confines of said spac e r plates and interconnecting influent and effluent piping allowing fluid s 
to ente r and exit the apparatus. Multiple mechanical separation means in fluid communication 
with the apparatus are u s ed to subsequently separate liquids from liquids, liquids from solids 
and/or for dewatering of the fluid. 

[POOH D escription of the Related Art 

[0002] Various methods and apparatus are currently used Th e present invention is direct e d to 
improving m e thods and apparatuses for the treatment and/or removal of undesirable matter 
and/e? organisms present in solution, in suspension and/or in a stable state of emulsion in 
aqueous fluids such that sa*4the methods and apparatuses may process sakkhe fluids at increased 
flow rates and also may process said^fluids having high viscosities (biological sludge, soil 
slurries, oil field drilling fluids, etc) in an environmentally safe, economical, user friendly, easily 
manufactured and easily maintained manner. SPi&ificM aBy electrocoagulative treatment 
methods and apparatuses have been described in the literature ^An exam ple is Lacomme. 1901. 
fGus. pleas e provide the fall cite and a cony of this re ference so thaLwe_cajp determine if it is 
pertinent.] dating as far back at 1901, Lacomme , The present inv e ntion incorporat e s unique 
e ngineering concepts that shall be apparent to thos e skilled in the art. — Previous attempts to 
achieve engine e ring excellence are d e scrib e d in the forthcoming liot of prior inventions and 
pat e nt s. 
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[0003] U.S. Patent No. 3,969,245 , 7/1976 issued to Ramirez discloses an electorcoagulation 
method and apparatus utilizing a cylindrical cell with concentrically positioned electrodes for 
electrolitically generating large quantities of gas bubbles while simultaneously flowing 
wastewater through the cell to form an embryo floe. The embryo floc-whieb subsequently 
attaches to the gas bubbles to achieve clarification by floatation. Ramirez ventged the 
electrocoagulation cell to thg_ atmosphere to avoid build up of pressure within the cell. .One 
shortcoming of the R amirez teaching is that cGurrent environmental standards dictate that 
fugitive air emissions are unacceptable and present complex permitting issues. Venting to 
atmosphere also limits applications in which an apparatus or process may be implemented due to 
10 hazardous materials venting to atmosphere and risk of explosion. 

[0004] U.S. Patent No. 5,928,493; — 7/1 999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow sterlization conditions 
incorporating an agitated defoam tank utilized for allowing entrained eassesgases to escape prior 
to entering a settling clarifier. The requiremen tmclusion of a defoam tank increases the overall 
15 footprin t of the apparatus , adds additional plumbing and mixing components and vents off 
gasses gases to atmosphere. For th e afor e m e ntioned reasons, t lhis is unacceptable in many 
applications. The reactor cell housing of Morkowskv w rt hincludes opposed grooved sides for 
retaining the electrode plates. This limits the applicati ojLiflJ^ con ditions.-atee 
pr ese nt s problems. Because of the spacing of the plates, when fluid velocities reach a critical 
20 point the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible hazardous materials to 
workers and the environment and the release of off gases to the environment. Theis iVTork owsky 
reactor cell design is mechani cally complexftlso dependsing on "links" which are a means of 
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connecting electrical power to the electrodes. These "links" must be inserted between the 
closely spaced electrode plates and tightened by means of nuts, screws and/or bolts and becomes 
maintenance intensive when exchanging the electrode plates or performing other maintenance. 

[0005] German Patent Document DE 3641365 Al, issued to Klose discusses an electroflotation 
device for purification and treatment of polluted water by flowing the water over bundles of iron 
and aluminum electrode plates. Electroflotation is described as a combination of chemical and 
physical actions whereby iron and aluminum are sacrificed from the anodes and (as with 
chemical precipitation), utilized as an oxide for flocculation. Electrolytic action between anodes 
and cathodes release oxygen gasses eases in the form of fine bubbles which enter into oxidation 
reduction reactions with substances in the water causing the precipitation of pollutants. 
Disinfection, metals removal and oil—water emulsion splitting occurs and contaminants are 
removed by vacuuming floated material from the surface and removing bottom sediments via the 
sloped bottom of the vessel. This device utilizes a rectangular tank, again open to the 
atmosphere, non-pressured and is not applicable to viscous fluids or sludges. 

[0007] As illustrated by the background of the invention, attempts to develop methods and 
devices for the removal of contaminants from fluids have focused on low p ressure electrolytic 
dfiyjcsSi S holl continue in the future as in the past. It would be advantag eous for an apparatus to 
accommodate high pressure and/or high flow during the treatment process of the sludge or other 
yjgggusjg^^ has be e n no effort thus far that provid e s the b e nefits, advantages and 

unique engineering concepts as th e present invention; — The pres e nt invention is considerably 
uniqu e in comparison It would be advantageous to conventional e ng i neering concepts and in 
doing so offers a moans oft a causgiftg undesirable matter to precipitate or co-precipitate from 
suspension and/or solution, the— destabilizg ation of suspended colloidal material, the 
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destabiliz§atiett-e# emulsions, g rand the disruptien-ef undesirable living organisms to treat fluid. 
It would be advanta^ Qau^iL»5.^ utilizing distinctiv e ly unique rec e ss e d, gaskotcd, non conductiv e 
spacer plates to enclose and hold in a place a variety of shaped electrodes while containing all 
fluids, electrical conduits and fluid conduits separatel ymado up of interconnecting ports sealed 
by gaskets and capable of operating at high pr e ssures such that vi s cous fluids may be pumped 
through the apparatu s . It would al so be adva qjagfiQiaSLfcr an apparatus to contain Additionally, 
the uniqueness of the apparatus contains integral mixing chambers . A hydraulic mechanical 
closure means would also be advantageous. and supporting frame utilizing a hydraulic 
m e chanical clo s ur e m e ans allowing e as e of maintenance, cl e aning, and op e rator safety. 

[0006] Th e refor e it is an object of th e pr e sent invention to provide a new and improv e d 
electrocoagulation method and apparatus for the It would be adva ntageous to allow high pressure 
treatment of aqueous and/or viscous fluids while containing all fluids, fluid conduits, and 
electrical conduits within the boundaries of satdan apparatus isolating satdihs fluids and conduits 
from the outside environment. 

[0009]It is another object of the present invention to provide a new and improved high pressure 
el e ctrocoagulation m e thod and apparatus that i s easily manufactured with a mean s of e a s ily 
accessing int e rnal an d extern al compon e nts for e lectrode - replacement and oth e r maintenanc e . 

[0010] It is another obj e ct of the present invention to provid e a new and improv e d high pressure 
electrocoagulation method and apparatus that incorporat e s best e n gineering practices thus 
e stablishing process and equipment confidence and acceptability for access to a vari e ty of 
applications, mark e t s and - en viron m e nts . 
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[OOlljlt is another obj e ct of tho prosont invention to provide a n e w and improved high pressure 
el e ctrocoagulation m e thod and apparatu s incorporating a plate and frame design constructi on 
that is easily manufactured and easily maintain e d. 

[0012] It is another object of th e present invention to provide a new and improved 
5 el e ctrocoagulation spacer plate d e sign that (1) is constructed of a non electrically conductive 
material and s hall contain various s hap e d e l e ctrodes within a recess e d boundary s uch as to hold 
and po s ition said e lectrodes in a sp e cific orientation (2) con tai n s integral, gasketed poits that 
shall align with like gasketed ports in adjacent spac e r plates forming internal fluid conduits wh e n 
a 1 plurality of said spacer plates ar e clo s ed and h e ld together (3) contains integral , gas keted port s 

10 that shall align with lik e ga s keted ports in adjacent sp acer plat es such that when metallic in s erts 
are e mbedd e d or inserted in said ports, said metallic inserts s hall form an internal electrical 
conduit when a plurality of said spacer plates are closed and h e ld togeth e r and ( 4 ) contains a 
p e ripheral gask e t near th e out e r p e rimeter of said spacer plate s s uch that when a plurality of said 
spacer plates are closed and hold tog e th e r said peripheral gask e t surrounds and contains all 

15 enclos e d electrodes, all enclosed, gasketed fluid and electrical conduits and all fluids therefore 
containing and i s olating sam e from th e out s id e environment. 

[0007] I t is another obj e ct of the pre se nt invention to provide a new and improved high pr e ssu re 
electrocoagulation apparatus compri s ing art elongat e d, square, rectangular frame for supporting a 
plurality of -spac e r plat e s with enclosed electrodes and conduit s having an integral hydraulic 
20 means for applying and rel e asing closure p res su re o n said plurality of spac e r plates - allowing th e 
apparatus to be easily op e n e d for maintenanc e and -subsequently, easily closed with sufficient 
pr e ssure to ensure containm e nt and i s olation of all fluids and conduits within tho confines of the 
apparatu s. 
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|001 4 )It is another object of the present invent i on - te provide a n e w and improved high pr e ssure 
e lectrocoagulation method and apparatus to provide an i nfluent and e fflu e nt chamber for reagent 
mixing and directing fluid flow to allow all plumbing to be located at one end of the apparatus 
a nd to allow said hydraulic/ mechanical closure moans to be located at the opposite end of the 
apparatus, 

[0015] It is another object of the present invention to provide a new and improv e d high prossiir e 
el e ctrocoagulation method and apparatus that provides a variety of physical^ - mechanical and/or 
organic s e p a ration means to subsequently remove mat e rials, said separating means shall b o 
determined by the application, - influent charact e ristic s and goals of treatment. 

[00 16] It is another obj e ct of the present invention to provid e an alternate, less expensivo 
e lectrocoagulation apparatus comprising an external e lectrical conduit with integral atta c hm e nt 
mean s for attachment to the electrodes for applications in a non hazardous environment (ie. non 
explosion proof), 

[001 7]Jt i s another objective of the present invention to provide an alternate, l es s expensiv o 
electrocoagulation apparatus comprising external fluid conduits in fluid communication with the 
influent and effluent mixing chambers of the apparatus via an external manifold, 

[0018]lt is another object of the present invention to provide a new and improved high pressure 
electrocoagulation apparatus that incorporates th e four mechanisms of disinfection and in so 
doing satisfies the requirements of a process to further reduc e pathogens (FFRP). 
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Summary of the Invention 

fQQ4^[000£l_The present invention relates to an apparatus and method for treating aqueous and 
viscous fluids at high pressures including comprising: a pump for transferring various fluids 
through an electrocoagulation device , a high pressure plate and frame electrocoagulation device, 
an effluent conduit in fluid communication with the electrocoagulation device incorporating a 
pressure regulation device and a physical, mechanical, and/or organic separation means 
connected to thgsakt effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be control led r e l eased through the 
physical, mechanical and/or organic separation means. 

100091 The high pressure plate and frame electrocoagulation device of a preferre d embodim ent 
of the present invention consists includes- ef a plurality of recessed, gasketed, non-electrically 
conductive spacer plates i hereafter referred to as spacer plates^ with integral supports on the 
edges that contain various shaped electrodes within the recessed boundaries of the spacer plates. 
IfaiL- S fiaser plate holds and posi tions th^elg^tiQdesJn. a specific orientation. The integral 
supports on the edges of the spacer plates accommodate resting on the side rails of a na square or 
re ctangular, elongated frame* preferably square or re ctangular. The space r plate sta ck can be 
arranged in various orientations, such as substantially horizontal or substantially vertical.-that4s 
supported above grad e by legs such that th e spacer plate stack is arranged in a horizontal 
orientation. This in no way implies that the spacer plate stack cannot b e oriented in a vertical 
dire ction and in. many applications it is favorable to orient the spacer plate s tack in a v e rtical 
direction. In a preferred embodiment, tThe electrodes gan may- or may not act as a be made of 
sacrificial materia^ including iron or aluminum^ such that the electrode material will be 
sacrificed at the anodes in accordance with Faraday's Law when a voltage is applied to saidthe 
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electrodes. In an alternate preferred embodiment, it is advantageous t o include electrodes of 
However, it may b e beneficial to make the electrod e s of a non-sacrificial material and/or 
electrodes coated coatina na i d etee&edes with a non-sacrificial materia l This can be particularly 
beneficial when the desired effect is oxidation and reduction or organism/organic destruction by 
5 the electromotive force present within the device. In a preferred embodiment, the electrodes are 
slfifled^P^ The electr odes can be constructed of a porous, 

permeable or semi-permeable material Other characteristics of electrodes known in the art can 
be used. Another preferred e rol&di^ invention includes an external electrical 

conduit with integ ral attachment means for attachment to the electrodes for applications in a non- 
10 hazardous environment Tie, non-expl osion proof). 

[Q0101 In one preferred em bodiment, the spacer plates are cp.ngjructed„^w 
These gasketed p oife^lim with each oth exAeji^PiumJitYjpf spacer plate? are arranged be side 
each other such that the gasketed ports create an interconnected channel forming co nduits for 
fluid flow within the confine sjiLaiL,QPter gasket located near the peripheral edge of the spacer 

15 plates. The aligned gask ets are referr ed to jointly as the peripheral gasket. The peripher al gasket 
of the spacer plates contains all fluids, conduits an d electrodes such that when the spacer plates 
are aligned for operation, each conduit is substantially isolated from the outside environment. In 
a preferred emb ojfcmmUJhs^^^ pressure 
to the spacers, preferably bv hydraulic mechanical closure means. The integral hydraulic 

20 mechanical closure means allows for ap plying and releasing closure pressure on the plurality of 
spacer plates allowing the a pparatus to be easily o pened for maintenanc e and subsequently. 
fiasilyjlosfidL^ -and 
conduits within the confines of the apparatus. Another pre ferred embodiment includes external 
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fluid conduits in fluid communication with the influent and efflu ent mixing chambers of the 
agP3iatu§jj a an external manifold. 



fOOll] The spacer plil^jj^Lip clude an electrically con djagtlYfejnaterial embedde d or attached 
to the spacer pl ^es, The electrically c onductive material is preferably m etallic discs T rods T 
5 inserts that interact with the gasketed por ts. In this manner, wh en a plurality of spacer p lates are 
pressed toeethe iL»nd^iij2ig ssure. an electrical cond uit is for med when a voltage i s applied An d 
distributed through the i nterconnecti ng electrically condu ctive materials throug hout the 
apparatus and contacting the selected enclosed electrodes. The electrical conduits are within the 
confines of the peripheral gasket such that upon closure of the spacer plates the electrical 
10 conduits are substantially lsjolajtedfr om the QUtsid eenyironment. 

IMULAjHSf erred emboddmenL^ a baffled influent and 

effluent mixing chamber at each end of the spacer plate stack for the addition and mixing of 
chemical reagents and/or fl^cgulanls^ This also advantageo usly provi des a means of fluid 
communication between flui d conduits fo rmed within the apparatus, such as the conduit formed 

15 bv the interco nnectin g ports and a center conduit formed by the plurality of cavities of the spacer 
plates as well as the interconnecting piping allowin g fluids to enter an d exit the device. This 
arrangement has the advanta ge of allowin g for influent and effluent plumbing to be located on 
one end of the device while the hydraulic mec hanical clo sure means can be lo cated on the 
opposite end of the device to provide closing or o pfiratingjas ssure applied to the spacer plate 

20 stack. The closing or operating pressure j&jdYitntageouslv greater than the influent pumping 
pressure such that closure is mai ntained on the plate stack containing all fluids wjjhiP-Ihe 
confines of the peripheral gasket of the spacer plates. In a preferred embodiment, the influent 
mixing chamber is advanta geously connsgMdjthrau gh the hea d^tQ£kj)jLt he supporting frame 
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such that the head stock is in fluid communication with a riser pipe connected bv a tee (TV The 
riser pipe is advantageously of higher elevation than the spacer plate stack and terminates bv 
means of a pressure regulating device, The pressure reguIating^ieviQe can advantageously 
provide multiple functions when desired. Th e pressure regulating device collec ts_£a§e s that are 
5 present in influent fluid so that that gases can be released thereby preventing the gases from 
entering the electrocoagulation device where thev could act to reduce the electrical conductivity 
of the fluid. Moreover, the pr essure regulating device can operate as a passive relief valve that is 
set for a selecte d^ma&mJLn^ 

electrocoagulati on device is not exceeded therefore preventing the release of hazardous and/or 
10 non-hazardous flui ds„and/or m aterial to the outside environment. In one preferred embodiment 
the pressure regulating de vice is connecte d to a conduit that returns any released fluids to the 
storage, equaliz ation and/o Li:.QlIegtion tank or vessel contain ing the fluid before t rans£Q.rjQ,Jhe 
glectrocoagulation device. Th e two effluent conduit s connect to the intercon necting effluent pipe 
that is in fluid c ommunicatio n with a separation means and connect to the separation means 
15 through the pressure reg ulating device. The pressure regulating device main tains pres surejanihs 
electrocoagulation device such that the evolution of gases is inhibited as a result of el ectrolysis 
u ntil pressure on the flui d is relea sed upon en try to the separation device. Advantage Qi£lyjth£ 
effect of the pressure regulation is that the released gases that will evolv e, swh^a^Q2„aEldi£L 
are maintained in solution where thev are available for oxidatio n reduc tion reactions. The 
20 inhibition of ^ejLolutiQn_a lso prevents gas bubbles from reducing the electrical conductivity of 
the fluid as it flows through the electrocoagulation device. Additionally, the inhibition of gas 
evolution allows the evolved gases to be utilized for flotation clarification upon entry to the 
dissolved air/gas flotation chamber where liquid-liquid and/or liquid-solids separation occurs. 
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When dissolved air/gas flotation is used as the separation means, a ris er conduit can be 
connected to the effluent conduit before the„pressure regulation device bv means of a Tee (T) 
the influent riser before entry to die electrocoagulation device. The effluent riser can act as (H a 
redundant passive relief v alve that can be set at a selected operating pressure such that the safe 
operating pressure of the electrocoagulation device is not exceeded preventing the release of 
fluids and other materials to the outsid e environment and (2) to accumula te any gase s that may 
have evolved such that they mav be released as not to allow lar g&Jiukbles t o enter into the 
flpi^imi^ ham^ ^ mechanics. Other advantageous will 

be apparent to those with ordinary skill in the ait 

10 fM20i r00131 Examples of Th e afor e m e ntioned physical?^! mechanical separation device 
useful in v arious em bodiments of the inve ntion includeT-fdissolved air/gas flotation chambers^ 
mav or may not be substituted with or other separators utilizing physical, mechanical m4k>r 
organic separation means^ depending on the nature of the fluid, the undesirable matter and/or 
living organisms present therein, and the de o ired goals and objectiv e s of treatment. Said A 
15 preferred embodimen t of the physical, m e chanical and/or organic separation means a reincludes 
preferably a two phase or three phase decanting centrifuge as used for dewatering of biological 
sludges and separating oilZr-waterZ-aBd-solids, a membrane concentration system^ ond/or a 
membrane bioreactor as used for removal of dissolved organic species, aJiydro cyclones as used 
for separating selected liquids-solids and liquids-liquids from soil slurries and oil field drilling 
20 fluids, a rotary or belt press as used for dewatering of biological sludges endA)r a plate and frame 
filter press as utilized for dewatering of hazardous sludges. 

j ftffHrHQQX41 Certain lmportant features have been broadly presented as to allow a better 
understanding of the detailed description that follows ^ such that those skilled in th e art may 
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appreciate the uniqu e contributions and engineering concepts of the present invention. It shall be 
understood by those skilled in the art that specific methods and structures described herein 
canmay be incorporated into differing designs that gmmay be used to accomplish the same 
and/or similar objectives. It shall be understood that additional ebieeteadvantages. if not set forth 
5 specifically herein, will be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 

[0015] Advantageously, the present inv ention prov ides a high pressure _d££lIQC&3g ulation 
appacatus that incorporates t he four m echanisms o f disinfection and in so doing satisfies the 
requirements o f a process to furthe r reduce pa thogens (PFRP). 

10 Brief Description of the Drawings: 

fQQ234f00161 The preceding features and objects of the present invention and additional objects 
not listed herein may be clearly understood by those skilled in the art from the detailed 
description which follows and the drawings^ in which : 

fQO£Hf00171 FIG. 1 is a schematic, block flow diagram of a preferred embodiment of the 
1 5 electrocoagulation method of the present invention. 

fQft24H0018LF IG. 2 is four elevated views of a preferred embodiment of the preferr e d 
apparatus of the present invention 

fOQ25jf00191 F IG. 3 is a horizontal cross section of the side view of gthe preferred embodiment 
of the apparatus of the present invention. 



20 



f(M&64[00201 F IG. 4 is a front and side view of one embodiment of a right single recessed 
electrocoagulation spacer plate of the pr e f e rr e d -apparatus. 
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{00231100211 FIG. 5 is a front and side view of one embodi ment of a left single recessed 
electrocoagulation spacer plate of the preferred apparatus. 

W£ffifQQ22J__F IG. 6 is a view of omj^rpbodiment of an electrode of the p ref erred apparatus. 

t093ftf(Q0231 FIG. 7 is an isometric and front view of the influent mixing chamber/plate of one 
embodiment of the pref e rre d apparatus. 

fO03Ol[00241 F IG. 8 is an isometric and front view of the effluent mixing chamber/plate of one 
embodiment of the preferr e d apparatus. 

fQO^44[0025] F IG. 9 is a front and side view of a right double recessed electrocoagulation 
spacer plate of one embodiment of the preferred apparatus. 

fOQ3£H00261 FIG. 10 is front and side view of a left double recessed electrocoagulation spacer 
plate of onfijembadiment of the preferred apparatus. 

{0033410027] FIG, 1 1 is a horizontal cross section of three, single recessed electrocoagulation 
spacer plates through the line A-A' of FIG. 4 when sakkhe spacer plates are closed and held 
together with pressure. 

jO034f[Q028] F IG. 12 is a horizontal cross section of three, double recessed electrocoagulation 
spacer plates through the line B-B' of FIG. 9 when sakhhe spacer plates are closed and held 
together with pressure. 

{0035410029] FIG, 1 3 is an isometric view of a plurality of electrocoagulation spacer plates of 
one embodiment of the preferred a pparatus shown in a closed position without the supporting 
20 frame. 
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fflQ36f|00 3Q1 FIG. 14 is an isometric view of an external electrical buss bar attachment of one 
embodiment of the pref e rr e d apparatus. 

fQQ3?fr[0031| FIG. 15 is a front and side view of an offset hexagonal electrocoagulation spacer 
plate of one embodiment of t he preferr e d apparatus. 

5 {QQ38}[0032| FIG. 16 is a view of an offset, hexagonal electrode of one embodiment of the 
pref e rred apparatus. 

Description of the Preferred Embodiment 

IfljjMlJJjae^^ of the i nvention includeojilaL<^^ 

recessed, gasketed. non-co nductive spacer plates with enclosed, exchangeab le elec trodes of 
10 various desi gns that are suspended on a su pporting, squar e , elongate frame in sucli,a_way„asiQ 
allow the spacer plates wit h^jectrodes to be easily se parated or opene d, to exchan ge the 
electrodes or pei ibm.jQlher maintenance and M^QQUently closed an d pressured utilizing a 
hydraulic or screw ty pe mechanical closure dev ice that can maintain sufficient closure/operating 
pressure to seal the plurality of s_m&erj) lates with enclosed electrodes therefore containing 
15 pressured fl uids within the confine s of the plurality of cha mbers formed therein. The apparatus 
incorporates influent and effluent mixing chambers (containing in i^cliQii^ 
reagents) in fluid communication with conduits, internal or extem aLt&jfc^mn^^ 
plates and interc onnecting in fluent and effluent pi ping allowing fluids to enter and exit the 
apparatus. Multiple mechanical separation means in fluid communication with the apparatus are 
20 used to sub sequently separate liquids from liquids, liqu idlJmmji^ 
th^fMdL 
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f«03»p0341 Referring to FIG. 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, plate frame 
electrocoagulation apparatus 140. An actuated valve 125 is located in the interconnecting 
influent pipe 116 to contain fluids 110 in the collection tank 100 when the system is not in 
operation. Pump 1 15 is typically a centrifugal pump for low viscosity fluids and/or a progressive 
cavity pump for high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the interconnecting influent 
pipe 116 at a higher elevation than the electrocoagulation apparatus 140 to collect any 
undissolved gas that may be present in the fluid 110 and venting saidthe gas through pressure 
regulator valve 139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical conductivity of 
influent fluids 110 inhibiting treatment. Pressure regulator valve 139 also provides passive 
pressure release in the event that unsafe pressures are encountered. Influent pressure of the fluid 
110 is monitored by the pressure sensor 135 which transmits a variable signal proportional to 
sa&ihg pressure to the controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data logging and 
activating automated devices. Two injection ports 126 are connected to the interconnecting 
influent pipe 1 16 for the addition of chemical reagents for desired oxidation reduction reactions 
and pressurized air for evacuating fluids from the electrocoagulation apparatus 140 when 
maintenance is required. 

iQ04#f[0035| The electrocoagulation apparatus 140 is connected to a power supply 145 that 
provides an applied voltage to saidjhg apparatus. The applied voltage may be an alternating, 
direct and/or a pulsed current. The following examples describe For the purposes nf thin 
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discis s ion, the applied voltage shall bo described as a direct current aad\yilb voltage applied to 
the terminal connections 128 of the electorcoaguiation apparatus 140. As the pressured fluid 1 10 
flows through the electrocoagulation apparatus 140 various reactions occur as described in em 
co-pending U.S. Patent application Ser. No. 60/244,615 and in the forthcoming details. As the 
5 pressurized fluids 110 exit the electrocoagulation apparatus 140, a preferred but not essential 
method step is the injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 140 by means 
of the interconnecting effluent pipe 117 with attached temperature sensor 137 which monitors 
the temperature of the effluent fluids 110 and transmits a variable signal proportional to the 

10 temperature to the controller 130. The interconnecting pipe 117 is connected to an actuated 
pressure regulator valve 154 by raiser pipe 153 such that the elevation of the riser pipe 153 is 
higher than the electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and periodically 
purges saklthg gases from the system to ensure that no undissolved gases enter the subsequent 

15 separation means 150. The pressure regulator valve 154 also provides passive pressure relief in 
the event that unsafe pressures are encountered. Pressure of the effluent pressurized fluid 1 10 is 
monitored by the pressure sensor 136 which transmits a variable signal proportional to said 
pressure to the controller 130. The pressurized fluid 110 may enter a variety of physical, 
mechanical and/or organic separation means 150 through pressure regulator valve 152 and 

20 pressure on the fluid 110 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical and/or organic 
separation means 150. Treated fluid 110 exits the separation means 150 by means of a fluid 
conduit or pipe 118 connected to satdthe separation means 150 by actuated valve 200. Separated 
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materials removed from the fluids 110 are collected in a holding vessel 159 for further 
disposition by a transfer pump 160. 

fflQ4Ur00361 F IG. 2 and FIG. 3 show four elevated views of a preferred embodiment of the 
high pressure plate and frame electrocoagulation apparatus 140 of the present invention. 
Together with FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to those skilled 
in the art. The supporting frame of the preferred apparatus comprises a rectangular, solid steel 
head stock 122 and tail stock 124 welded to two, heavy duty rectangular steel tubing side rails 
142 perpendicular to said-head stock 122 and tail stock 124 forming an elongate frame above 
grade for supporting, positioning and holding closure pressure on a plurality of 
electrocoagulation spacer plates 300 4 hereafter refeiteed to as ES-P's (ESF's are defined in the 
objects of the present invention and shall be discussed in detail i n the forthcoming t e xt) . The 
ESP's 300 ride on the top of the side rails 142 of the supporting frame and raaycan be separated 
or opened for accessing internal components and subsequently closed and pressured by the 
hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 and the push 
plate 146. The push plate 146 also rides on top of the side rails 142 and is held in a perpendicular 
position by two rollers 148. In one embodiment. aA spool piece 147 may or ma y n o t bei g 
included to allow for future expansion, different configurations of the apparatus aft^t/or 
incorporation of multiple power supplies by segregating groups of ESP's 300. 

{QQ434fOQ371 T he head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two side rails 142. 
Electrical contact terminals 128 are inserted through two ports 3 1 1 near the top of the head stock 
122 providing a means for the applied voltage supplied by the power supply 145 to contact 

HoustonU 475608.1 

Page 18 of 30 



internal components. The external electrical contact utilizes standard explosion proof conduit- 
junctions that are familiar to those skilled in the art. Two through wall ports 121 are located near 
the bottom corners of the head stock 122 and are in fluid communication with internal, effluent 
conduits 149 providing a means for fluids 1 10 to exit the apparatus. Although only two effluent 
ports 121 are shown, more may be utilized determined by the application. The two effluent ports 
121 are connected to an effluent manifold 123 which is in fluid communication with the 
interconnecting effluent pipe 117. Effluent temperature sensor 137 and effluent pressure sensor 
136 are located in the interconnecting effluent pipe 117 to monitor temperature and pressure of 
the pressurized fluid 1 10 as it exits the apparatus and transmit variable signals proportional to the 
temperature and pressure to the controller 130. The interconnecting influent pipe 1 16 is in fluid 
communication with the influent feed pump 115 (FIG. 1) and incorporates actuated valve 125 
used for segregating the system from the collection tank 100 and allowing the apparatus to be 
depressurized by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection ports 126 for 
the addition of chemical reagents that may or may not be utilized for oxidation reduction and/or 
other desired reactions, and air for blowing down the apparatus to evacuated fluids 1 10 from the 
apparatus prior to or during depressurization and subsequent opening for inspection and 
maintenances. A riser pipe 138 is connected to the influent interconnecting pipe 1 16 behind the 
injection ports 126 and before the influent conduit 325 through the head stock 122 providing a 
means of collecting any gases not in solution and purging saktthe gases to the collection tank 100 
to avoid inclusion of sakithg gases in the influent pressurized fluid 1 10 avoiding a reduction of 
electrical conductivity in the influent fluid 110. Integral with the riser pipe 138 are pressure 
regulator valve 139 and influent pressure sensor 135 which monitors influent fluid 1 10 pressure 
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and transmits a variable signal proportional to sa&the pressure to the controller 130. Pressure 
regulator valve 139 also provides passive pressure relief by receiving a signal from the controller 
130 to open when a pre-set, limiting pressure is detected thereby avoiding an unsafe condition. 

fQQ431IOQ3 8] The tail stock 124, like the head stock 122, also provides a support leg for the 
5 apparatus and a means of welded attachment for the two side rails 142. The tail stock 124 also 
provides a means of supporting the integrally attached hydraulic closure mechanism 144 for 
opening, closing and maintaining pressure on the closed stack of ESP's 300. The hydraulic 
closure mechanism 144 is an air operated closure mechanism lockable in the closed position that 
is capable of maintaining sufficient closure pressure to allow influent pumping and operating 
10 pressure of the fluid 1 10 at 110 psi. Closure pressure is jn_directly correlation corr e latable to the 
cross sectional surface area of the ESP 300 stack and will vary with the size of the preferred 
apparatus. All hydraulic components and a local control panel 220 are integral with and 
enclosed within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. All integral, 
15 internal hydraulic components, air headers, pumps, air regulators etc. are accessible to the 
operator through an access door 143 in the tail stock 124. 

{£0441100391 F IG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a plurality of 
ESP's shown in a closed position without the supporting frame, and FIG. 7 and 17, views of 
20 electrodes 141 of the preferred apparatus, the mechanism of fluid 110 transport through the 
apparatus and distribution of the applied voltage throughout the apparatus will become apparent. 
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100451100401 Electrocoagulation spacer plates LECTRQCOAGUIATIQN SPACER PLATES 
(300 ), her e after r e ferred to as ESFs, are advantageously defin e d a s flat, recessed, gasketed, 
ported devices constructed of non-electricaily conductive materials includinq compri s ing an 
internal cavity 305 for supporting and containing various shaped electrodes 141 within confined 
5 boundaries such that when a plurality of like devices is stacked together, an internal, elongate 
cavity 221 with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of ESP's 300 
stacked together without a supporting frame or electrodes 141 showing the internal elongate 
cavity 221 and surrounding parallel conduits 222 within. When flat, ported electrodes 141 are 
10 enclosed within the recessed boundaries 224 of the closed ESP's 300, a plurality of 
perpendicular chambers 223 is isolated within the internal, elongate cavity 221 such that fluids 
110 may flow through a path establishc ddi^ated by the shape and location of any openings in the 
flat, enclosed electrodes 141. In this illustration the preferred shape and location of sakjjhg 
openings are rectangular ports 226 located at alternating ends therefore dictating a meandering or 
15 sinuous path. SaMThe ports may be circular, rectangular, etc, and may be located at alternating 
tops and bottoms of electrodes 141, at alternating right and left sides of electrodes 141 and/or 
any combination of seethe locations as to advantageously developedietete a meandering or 
sinuous flow pattern and/or a spiral or conical flow pattern. When an applied voltage is 
connected to the terminals 128 of the apparatus and distributed throughout the apparatus such 
20 that alternating positive (+) and negative (-) electric potentials are realized by the enclosed 
electrodes 141 while fluids 110 are flowing through the diotat e d sinuous path, an electric current 
flows from electrode 141 to electrode 141 and therefore through the pressurized fluid 110 
circulating through the apparatus. 
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{0046110041] The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or inserted in the 
upper, gasketed ports 301 of the ESP's such that when a plurality of ESP's 300 are closed and 
held together sa&jhg metallic inserts 310 contact each other, the power contact 303 of selected 
5 electrodes 141, and the electrical terminal contacts 128 located at the head stock 122, thereby 
defining a continuous electrical conduit (FIG.4/312) and a complete circuit for distribution of 
electrical power. All ports 301 and& 304 within the body of the ESP's 300 are individually 
contained by port gaskets 302 that are inserted into grooved recesses such as to hold saklthe port 
gaskets 302 in place and seal saidthe ports 301 and 304 containing and isolating same from fluid 

10 intrusion as with upper electrical ports 301 and/or fluid extrusion as with the case of the lower 
fluid ports 304 used for effluent fluid conduits 149 (FIG. 4) formed when a plurality of ESP's are 
closed and held together. A peripheral gasket 307 is positioned within a like— recessed groove 
located around the outer perimeter of the ESP's 300 thereby containing all internal cavities 305, 
all gasketed ports used for electrical purposes 301, metallic inserts used for electrical conduits 

15 3 10, all gasketed ports used as fluid conduits 304, and pressured fluids 1 10 within the confines of 
saidthe peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the internal recessed 
boundary support 224 with rectangular recession 306 for location of selected electrode power 
contact 303, is located on only one surface for enclosing and positioning of one electrode 141 

20 and/or double recessed FIG. 10 and meaning that the ESP's 300 contain internal recessed 
boundary supports 224 on both surfaces for enclosing and positioning of two electrodes 141. A 
double recessed ESP 300 may be utilized with one powered electrode 141, using the second 
recessed boundary support 224 to position a non-powered baffle surface creating a longer fluid 
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path within the apparatus for (1) increasing the dwell time (reaction time) that the fluid 110 being 
treated is exposed to the electromotive force present within the apparatus and (2) increasing the 
distance between powered electrodes 141 requiring a higher applied voltage resulting in 
increased electrolysis and increased release of oxygen (02) and hydroxyl (OH-) ions available 
in solution for oxidation reduction reactions. When a non-powered baffle plate is incorporated in 
the second recessed boundary support 224 of a double recessed ESP 300, satdjhg baffle plate is 
held in position by pins 315, inserted parallel to the outer surface of sakithg baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG. 10). The extended, rectangular 
recession 306 that is integral with the internal recessed boundary support 224 for contacting 
10 selected electrodes 141 may be located in the right position as shown in FIG. 5 or in the left 
position as show in FIG. 6 to receive the electrode power contact 303 of selected electrodes 141. 
ESP's 300 rest vertically within the two side rails 142 of the supporting frame by means of a 
slotted, integral support 308 using the rectangular shaped slot 309 for positioning and alignment 
on the rectangular tubing of saidlhg side rails 142. 

1 5 fftft4?}[00421 FIG. 8 is an isometric and front view of an influent mixing chamber plate 320 (the 
isometric view omits integral supports) that may or may not be attached to the head stock 122. It 
is comprised of many like features in that there are two upper gasketed ports 301 used to contain 
metallic inserts 310 and two, lower gasketed ports 304 used for fluid transport, but this device 
does not contain and position any electrodes 141. The influent mixing chamber plate 320 has a 
20 centrally located influent conduit 325 that protrudes through the influent port 151 in the head 
stock 122 and is in fluid communication with the interconnecting influent pipe 116 thereby 
allowing pressurized fluids 110 to enter the apparatus. It is a hollow structure with internal 
baffles 321 oriented such that the fluid 110 direction is reversed when traversing through the 
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chamber, agitating saklthg fluid 110 to mix any chemical reagents that may be injected via the 
injection ports 126 in the interconnecting influent pipe 116. There is a rectangular port 322 
located at the bottom of the back wall 323 to allow the pressurized fluid 1 10 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 isolating same 
from the internal chamber between. The influent mixing chamber plate 320 is constructed of 
non-eiectrically conductive materials and isolates electrical contact with the head stock 122 and 
side rails 142 like ESP's 300. 

f£648}[ 0Q43J FIG. 9 is an isometric and front view of the effluent mixing chamber plate 330 
(the isometric view is shown without integral supports). The efflue nt mixing chamber&-4s-se 
10 named beoause it receives fluid flow through the influent, rectangular port 335 located on the 
upper portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 331. The 
lower, gasketed, fluid ports 304 align with like r gasketed ports 304 in adjacent chambers thereby 
comprisin ^ maim£ a continuous fluid conduit 149 (FIG. 4) within confined boundaries isolated 
15 from the outside environment. An injection port 127 is located at one side where fluid flow is 
reversed by one of two internal baffles 332 for injection and flash mixing of a flocculent aid 
and/or chemical reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure mechanism 144 
providing closure pressure for the apparatus. Like the influent mixing chamber plate 320, the 



20 



effluent mixing chamber plate 330 contains no electrode 141. In one embodiment, the influent 
mixing chamber platem is advantageously provide d purpose is to redirect fluid flow to the head 
stock 122, provide an injection means 127 for flocculent and/or chemical reagents and mix same 
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via internal baffles 332, provide a means of contact to the push plate 146 and provide a means of 
electrical insulation to the supporting frame. 
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We claim: 



j 1. An apparatus and system that uses an improv e d design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and organisms in 
suspension, in solution and/or in a stable state of emulsion in aqueous and viscous fluids and 
5 sludge comprising: 

(a) A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and hexagonal 
or rod shaped electrodes in such a way as to form chambers through which an 

10 aqueous and/or viscous fluid may flow and may or may not come into contact with 

the electrode surfaces and also be exposed to the electromotive force present therein; 

(b) Applying a voltage to said electrodes in such a way on said electrodes to produce an 
alternating sequence of positive and negative electric potentials and thus causing a 
continuous flow of electrical current through the aqueous and viscous fluid flowing 

15 through said chambers; 

(c) Reacting with undesirable matter and/or organisms present in suspension, in solution 
and/or in a stable state of emulsion in the aqueous and/or viscous fluid with material 
sacrificed from the electrode surfaces and/or the electromotive force produced by said 
applied voltage within the apparatus in such a way as to cause the destabilization of 

20 colloidal particulates and/or emulsions, the direct chemical replacement and 

precipitation of substances, the co-precipitation of substances and/or disrupting the 
osmotic interchange of fluids through permeable, semi-permeable and/or other 
membrane boundaries of undesirable living organisms such as bacteria, viruses and/or 
cysts therefore causing the implosion or explosion of said organisms rendering them 

25 harmless to humans, animals, insects, vegetation and/or the environment; 

(d) A physical, mechanical and/or organic separation means in fluid communication with 
said apparatus via a conduit with a pressure release valve located at the point of entry 
to the said separation device such that pressure is maintained within the apparatus and 
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the conduit such that any evolved gassesgases sha^toan be maintained in solution 
within the apparatus and the conduit such that said non-evolved gases shaWcan be 
available for oxidation/reduction reactions with matter and/or organisms in solution, 
in suspension and/or in a stable state of emulsion in the aqueous and/or viscous fluid; 

(e) Said physical, mechanical and /or organic separation means is preferably (1) a 
dissolved air/gas flotation chamber as utilized for aqueous fluids such as water and 
wastewater, (2) a two phase and/or three phase decanting centrifuge as utilized for the 
disinfection (destruction of pathogens) and subsequent dewatering of biological 
sludge, liquefied manure and/or the separation of oil, water and solids, (3) a 
membrane concentration system and/or membrane bioreactor as utilized for 
concentrating and/or elimination of organic substances, (4) hydro cyclones as utilized 
for soil slurries and oilfield drilling fluids, (5) a rotary and/or belt press as utilized for 
dewatering biological sludge and/or (6) a plate and frame filter press as utilized for 
dewatering of hazardous sludge. 

(f) An apparatus and system as recited in claim (1), wherein the hydraulic or otherwise 
screw type mechanical closure pressure on the recessed, gasketed,, non-conductive 
spacer plates with electrodes is greater than the influent pumping pressure of the 
aqueous and/or viscous fluid being pumped through the apparatus such that the 
apparatus contains all fluids and substances within the confines of the chambers 
formed by the recessed, gasketed, non-conductive spacer plates; 

Question: Do we need to claim slots at alternating ends of electrode plates such that a 
serpentine or sinuous path is followed by the fluid? 

2. An apparatus and system as recited in claim (1) wherein the recessed, gasketed, non- 
conductive spacer plates posses integral supports on the edges such that the spacer plates with 
enclosed electrodes shall can rest on the side rails of a square or rectangular elongated frame and 
are free to be opened and closed for electrode replacement and/or other maintenance of the 
apparatus; 
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3. An apparatus and system as recited in claim (1) that includes baffled influent and baffled 
effluent chambers and/or plates at both ends that may or may not be integral with the square or 
rectangular elongated frame for; <1> the addition and flash mixing of chemical reagents and/or 
flocculants and <2> also provides a means of fluid communication to an influent and/or effluent 

5 conduit that may or may not be within the confines of the gasketed spacer plates for aqueous 
and/or viscous fluids entering or exiting the apparatus. 

4. An apparatus and/or system as recited in claim (4) wherein the effluent fluid conduit is 
formed by the interconnection of gasketed ports in the recessed, gasketed, non-conductive spacer 
plates. 

10 5. An apparatus and/or system as recited in claim (5) (or claim 1-?) wherein the means of 
dispersing the electrical current to the electrodes and throughout the apparatus is accomplished 
by an internal electrical conduit that is formed by metallic inserts embedded within the confines 
or inserted thru gasketed ports of the recessed, gasketed non-conductive spacer plates in such a 
way that they contact each other and the enclosed electrodes forming a continuous electrical 

1 5 conduit when closure pressure is applied to a plurality of spacer plates with enclosed electrodes; 

6. An apparatus and/or system as recited in claim (6) ( or claim 1) wherein offset, hexagonal 
electrodes may be larger than the recessed, gasketed, non-conductive spacer plates such that the 
exposed, edges of the electrodes may be connected to an external, flat buss bar by means of 
integral, flat clamps that snaps onto and off of the exposed edges of said electrodes thus 

20 providing a less expensive, easily maintained configuration that may be used in non-explosive 
environments; 

7. An apparatus and system as recited in claim (7) wherein the recessed, gasketed, non- 
conductive spacer plates are in the shape of an offset pentagram and/or hexagram, such that the 
edges of the larger electrodes may be exposed in such a way as to allow a flat buss bar with 

25 integral clamps to snap onto and off of the exposed comers or edges of the electrodes. 

8. An electrocoagulation spacer plate hereby defined as a recessed, gasketed, non- 
eiectrically conductive, usually square or offset hexagonally shaped plate of sufficient thickness 
that may (1) contain a variety of shaped electrodes within a recessed boundary such as to hold 
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and position said electrodes in a specific orientation, (2) contains multiple, integral, gasketed 
ports that shattgan align with like gasketed ports in adjacent spacer plates on either side forming 
internal fluid conduits perpendicular to the vertical axis of said spacer plate when a plurality of 
said spacer plates are closed and held together, (3) contains multiple, integral, gasketed ports that 
shati^an align with like gasketed ports in adjacent spacer plates on either side containing metallic 
inserts embedded or inserted in said ports, that shaHgan contact other said metallic inserts and/or 
enclosed electrodes therein forming a continuous electrical conduit perpendicular to the vertical 
axis of said spacer plate when a plurality of said spacer plates are closed and held together and 
(4) contains a peripheral gasket near the outer perimeter of said spacer plate that surrounds and 
10 contains all enclosed electrodes and all enclosed, gasketed fluid and electrical conduits within the 
confines of said spacer plate when a plurality of said spacer plates are closed and held together 
therefore isolating said electrodes, fluid conduits, electrical conduits, fluids and other matter and 
substances from the outside environment. Said electrocoagulation spacer plates may or may not 
be recessed and gasketed on one and/or both sides and have slotted, positioning supports integral 
15 to the edges that rest on the side rails of a square and/or rectangular, elongated frame. 

ABSTRACT 

{0049110044] The present invention introduces method and apparatus comprising an improved 
design for the high pressure electrocoagulative treatment of aqueous and viscous fluids and 
sludge. The apparatus is configured as a plate and frame design utilizing hydraulic or screw type 
20 mechanical closure on a plurality of recessed, gasketed, non-electrically conductive 
electrocoagulation spacer plates, hereafter referred to as spacer plates, that completely enclose 
and isolate all fluids, electrical contacts, and electrodes within the confines of the apparatus. The 
spacer plates include integral supports on their edges that position and support said spacer plates 
with enclosed electrodes on top of the side rails of the supporting frame of the apparatus 
25 allowing said spacer plates to be separated for electrode replacement and maintenance and 
conversely closed, pressured and put into service. The apparatus also includes a baffled influent 
and effluent chamber at both ends for the addition and flash mixing of chemical reagents and/or 
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flocculants and that provide a means of fluid communication between fluid conduits and 
chambers formed within the apparatus by the interconnection of gasketed ports and cavities 
located in the spacer plates and external conduits thus allowing fluids to enter and exit the 
apparatus. Various physical, mechanical and/or organic separation means are utilized determined 
by influent fluid characteristics and the desired goals and objectives of treatment. 
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